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© Pyrszolopyrimidinone antianginal agents. 
© Compounds of formula : 
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snd pharmaceutically acceptable salts thereof, 

wherein ^ ^ optionally substituted with one cr more fiuoro substituents ; °r Cr^s 

cydoalkyi ; R a is H, or 0,-Cft alkyl optionally susbtituted with one or more.fluoro subtituents or wtrt Ur^e 
cydoaikyi ; R s is C,-C« aikyl optionally substituted v:ith one or more fluoro substituents or with c,-l-, 

CyC* QrC s alLnyl; or CrC, aikynyi ; R< is 0,-0* alkyl 

with OH. NfvR 8 . CN, CONRW or COjR 7 ; CrC alkenyl optionally subsbluted with ON .CONR R or 
C0 2 R 7 ; CrC* alkanoyl optionally substituted with NR 5 R«; hydroxy CrC, aikyi PP^^^^S! 
with NR'R*; (CrCj alkoxyJC-Cj alkyl optionally substituted with OH or NR 5 R 8 : CONR *R ^ COjR • 
halo; NRW; NHSO^RW; NHSOjR 9 ; or phenyl or heterocydyl either of wh.ch a op Uona !ly 
substituted with methyl; R s and R 9 are each independently H or 0,-C* alkyl, or together with tne 
nitrogen atom to which they . are attached from a pyrrolidine . pipe^mo. ™n>no.ino <- 
(NR^-oiperazinyl or imidazoyl group wherein said group is optionally substituted with metnyt or 
hydroxy ; R 7 is H or C r C 4 alkyl ; R* is 0,-Cj alkyl optionally substituted with NR 5 R' ;■ 
and R 9 is H ; C r Cj alkyl optionaHy substituted with phenyl ; hydroxy Cj-C, alkyl ; or C,-C 4 al ^ n0 >!;. n a . 
are selective cGMP PDE inhibitors useful, in the treatment of cardiovascular disorders such as angina, 
hypertension, heart failure and atherosclerosis. 

Jouve, 18, rue Saint-Denis. 75001 PARIS 
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The invention relates to a series of pyrazolo[4.3-dl-pyrimidin-7-ones, which are potent and selective inhib- 
itors of cyclic guanosine 3'.5'-monophosphate phosphodiesterase (cGMP PDE). having utility in a variety of 
Iherapeutic areas including the treatment of various cardiovascular disorders such as angina, hypertension, 
heart failure and atherosclerosis. 

The compounds of the invention exhibit selectivity for inhibition of cGMP PDEs rather than cyclic adenosine 
3' t 5'-monophosphate phosphodiesterases (cAMP PDEs) and, as a consequence of this selective PDE inhibi- 
tion, cGMP levels are elevated, which in turn can give rise to beneficial anti-platelet, anti-neutrcphil, anti- 
vasospastic and vasodilatory activity, as well as potentiation of the effects of endotheliurrvderived relaxing fac- 
tor(EDRF) and nitrbvasi. .'ilators. Thus the compounds have utility in the treatment of a number of disorders, 
including stable, unstable and variant (Prinzmetal) angina, hypertension, pulmonary hypertension, congestive 
heart failure, atherosclerosis, conditions of reduced blood vessel patency e.g. post-percutaneous transluminal 
coronary angioplasty (post-PTCA), peripheral vascular disease, stroke, bronchitis, chronic asthma, allergic 
asthma, allergic rhinitis, glaucoma, and diseases characterised by disorders of gut motility, e.g. irritable bowel 
syndrome (IBS). 

European patent application EP-A-02C11 88 discloses certain pyrazolo[4,3-djpyrimidin-7-pnes as adeno- 
sine receptor antagonists and PDE inhibitors, useful in the treatment of cardiovascular disorders such as heart 
failure or cardiac insufficiency. However these compounds are neither particularly potent PDE inhibitors, nor 
are they reported to be selective inhibitors of cGMP PDE. 

The compounds of the present inventiQ.n have the formula (I): 
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wherein 

R 1 is H; CtC 3 alky! optionally substituted with one or more fluoro substituents; or C 3 -C 5 cycloalkyl; 

R 2 is H, or CVCg a!kyl optionally substituted with one or more fluoro substituents or with C 3 -C 6 cycloalkyl; 

R 3 is C!-C 6 alkyl optionally substituted with one or more fluoro substituents or with C 3 -C 6 cycloalkyl; C 3 - 
C 5 cycloalkyl; C 3 -C 6 alkeny!; or C 3 -C 6 alkynyl; 

R 4 is C r C< alkyl optionally substituted with CH, NR 5 R 6 , CN, CONR £ R« or CO : R 7 ; C 2 -C 4 alkenyl optionally 
substituted with CN, CONR s R 6 or C0 2 R 7 ; Cj-C^ alkanoyl optionally substituted with NR 5 R 6 ; hydroxy C 2 -C 4 alkyl 
optionally substituted with NR 5 R 6 ; (C 2 -C 3 alkoxyJCj-Cj alkyl optionally substituted with OH or NR 5 R 6 ; CONR 5 R«; 
C0 2 R 7 ; halo; NR 5 R 6 ; !\IHS0 2 NR 5 R s ; NHS0 2 R a ; or phenyl or heterocyclyl either of which is optionally substituted 
with methyl; 

R 5 and R 6 are each independently H or C r C 4 alkyl, or together with the nitrogen atom to which they are 
attached form a pyrrolidinyl. piperidino, morpholino, 4-(NR 9 )oiperazinyl or imidazctyl group wherein said qrouo 
is optionally substituted with methyl or hydroxy; 

R 7 is H or Ci-Ca alkyl; 

R* is alkyl optionally substituted with NR 5 R 6 ; 

and 

R 9 is H; C!-C 3 alkyl optionally substituted with phenyl; hydroxy C2-C3 alkyl; or C,-C 4 alkanoyl; 
and pharmaceutically acceptable salts thereof. 

In the above definition, unless otherwise indicated, alkyl groups having three or more carbon atoms may 
be straight or branched chain. In addition alkenyl or alkynyl groups having four or more carbon atoms, or alkoxy 
groups having three carbon atoms, may be straight or branched chain. Halo means fluoro, chloro. bromo or 
iodo, whilst heterocyclyl is selected from thienyl, pyridyi, pyrazolyl, imtdazolyi, triazolyl, oxazolyl, thiazclyl or 
pyrimidinyi. 

The compounds of formula (I) may contain one or more asymmetric centres and thus they can exist as 
enantiomers or disstereoiscmers. Furthermore certain compounds of formula (I) which contain alkenyl groups 
may exist as cis- or trans-isomers. In each instance, the invention includes both mixtures and separate indi- 
vidual isomers. 
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The compounds of formula (I) may also exist in tautomeric forms and the invention includes both mixtures 
and separate individual tautomers. 

Also included in the invention are radiolabeled derivatives of compounds of formula (I) which are suable 

,0f ^hSraoeuUcaHy acceptable salts of the compounds of formula (I) which contain a ^centre are 
acid addition salts formed -ith pharmaceutical* acceptable acids. Examples include the hydrochloride, hy- 
drobromide. sulphate or bisulphate. phosphate or hydrogen phosphate, acetate, berzoate. succ.na te. fumar. 
a e maleate. lactate, citrate, tartrate.- gluconate, methanesulphonate. benzenesulphonate and p-.o uenesul- 
phonate salts. Compounds of the formula (I) can also provide pharmaceutical* acceptable metal salts, in par- 
ticular alkali metal salts, with bases. Examples include the sodium and potasswm sa Us 

A preferred group of compounds of formula (I) is that wherem R 1 is H, methyl or ethyt R» is C,-C 3 olkyl. 
R> iscU alkyl; R 4 is C-Calkyl optionclly substituted with OH. NR*R°, CONRW or CO* aceryl opuonal* 
substituted J, NR'R*. hydroxyethyl substituted with NR S R*; M "P': 0 " 3 ^^" ! Vunsfn- 
NRSR 6. CH-CHCN: CH=CHCONR*R«: CH=CHC0 2 R'; C0 2 H; CONRW; Br; NR'R»; NHSO^RW. NHSO,R . 
or pyridyl or imidazolyl either of which is optionally substituted with methyl; R* and R« are each independently 
H methyl or ethyl, or together with the nitrogen atom to which they are attached form a p.pend.no, morpholino, 
4-'(NRSH-oiperaziny! or imidazolyl group wherein said group is optionally substituted with methyl or hydroxy; 
r' is H or t-butyl; R» is methyl or CH 2 CH : CH 2 NRW and R» is H, methyl, benzyl, 2-hydroxye hyl or acetyl. 

A particularly preferred group of compounds of formula (I) is that wherein RMs methyl; R 2 ^^'^ j^,^ 

is «t£ or n-propyl; R« is CH 2 NR 5 R S . CH 2 OCH 2 CH 2 NRW. CH.OCH.CH »• CH^CH^H COCH^RW. 

CH(OH)CH 2 NRW. CH=CHCON(CH,) 2 . CH=CHC0 2 R\ CD 2 H, CONRW. Br. NHSO.NR-R'. N " S °^ 

CH CH NRW, 2-pyridyl. 1-imidazo!/l or 1-methyl-2-imidazolyl; R* and R» together w„h the n,tro 3 en atom to 

which they are attached form a piperidino. 4-hydroxypioeridino. morpholino, 4-(NR')-1-P.perazmy. or 2 methyl- 

1-imidazoyt group; R T is H or t-butyl; and R' is H. methyl, benzyl. 2-hydroxyelhyl or acetyl. 

Especially preferred individual compounds of the invention include: A ,^„: 
l[2-ethoxy-5-(1-meU l yl-2-imidazv! y l) P henyl]-1-methyl-3-n-propyl-1,B-dihydro-,H-pyrazolo|4>d!pynm, 

d ' n ' 7 ' C ^2-ethox7.5-(4.m S hyl-1.piperazinylcarb 0 nyl)phenyl>1-methyl-3-n-propyl-1.6-dih y dro-7H-p>Tazolo[4, 
and!H5-morpr.oIoaceryl-2-n- P r OP oxyp^ 

"^Depending on the nature of R\ the compounds of formula (I) may be prepared by a variety of methods 
from a compound of formula (II) : 




wherein R\ R 2 and R J are as previously defined. For example, when R« is C 2 -C. alkanoy , the required product 
is obtainable by conventional Friedel-Crafts acylation whereby (II) is reacted with about a 2- ^«*» ^ 
acyl halide of formula (C,-C 3 a.kyl)COY. wherein Y is halo, preferably ch.oro or 

a 3-fold excess of a Lewis acid such as aluminium chloride or alumin.um brom.de. in a suitable -olvent. .* 
dichloromethane.atfromaboutO'Ctothereflux temperature of the reaction medium ; wh ^f R ' s f ^ m C ;~ y j 
substituted with NRSR«. wherein R* and R» are as previously defined, the product ,s obtained bom (II I yji he 
intermediacy of the corresponding haloketone. i.e. a compound of formula (I) wherem R« * CO 
,ene)X and X is halo, preferably chloro or bromo. by reaction of the appropriate haloketone ^ re ^ 
a ,n:ne of formula R 5 R 6 NH in the presence of at least one equivalent of base to scavenge J:e ..berated acid by 
product (HXJ.irta suitable solvent, e.g. acetonitnlei at about room temperature. The base™»W 
sal, such as anhydrous potassium carbonate, a tertiary amine such as tnethyla mine, ^°r excess react^ ,n tamme 
in cases therein either R* or R« is H, it may be advantageous to use a protected amme of formula R NHP 
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R6|MHP wherein P is a compatible protecting group, e.g. benzyl which can be subsequently removed by catalytic 
hydrogenation. When both R 5 and R 8 are H, an ammonia equivalent of formula P' 2 NH, wherein P' is a protecting 
group such as t-butoxycarbonyl, may be beneficially employed. In this case, the potassium salt of tha non-basic 
sminating reagent is used for reaction with the haloketone; deprotection is effected by acidolysis using, for ex- 
ample, hydrogen chloride, which allows convenient isolation of the desired aminoketone as its hydrochloric salt. 
The intermediate haio': itone is also obtained via Friedel-Crafts chemistry, as described above, in this case 
between (II) and the appropriate haloacy! halide of formula X(C r C 3 alkyleneJCOY, wherein X and Y are as pre : 
viously defined. 

The above ketones of genera! formula (IA): 



R 10 (CtC3 alkylene) 




(!A) 



wherein R 10 is either H or NR 5 R 5 . and R\ R 2 , R 3 , R 5 and R ? areas previously defined, may be reduced to provide 
the corresponding alcohol derivatives of general formula (IB) : 



R 3 0 HN 



R^tCVC, afkyfer.e) 




(IB) 



wherein R 1 , R 2 , R 3 and R 10 are as previously defined. The reducing agent is preferably sodium borohydride 
and the reaction may be conducted in a suitable soivent, e.g. ethanol, at about room temperature. 

A compound of formula (I) wherein R* is hydroxymethyl and R 1 , R : and R 3 are as previously defined may 
be prepared by subjecting a compound of formula (II) to standard chioromeihyiaiion conditions, e.g. paiofor- 
maldehyde and concentrated hydrochloric acid, at from about room temperature to about 120°C. fo provide 
the intermediate chloromethyl derivative of formula (III), which is then treated with an alkali metal hydroxide, 
e.g. sodium hydroxide or potassium hydroxide, in a suitable solvent such as an ethylene glycol-dimethyi sulph- 
oxide mixture at from about room temperature tc about 100°C. 



O « R1 



R 3 0 HN 




(!!!) 
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The abcve chlcromethyl derivatives (III), wherein R\ R 2 and R 3 are as previously defined, are valuable 
intermediates in the synthesis of further compounds of formula (I). For example, treatment of (III) with (V or 
C ; - alkancl in the presence of about one equivalent of an alkali metal, preferably sodium, at about room tem- 
perature, affords the corresponding C2- or C r aikoxymethyl derivatives respectively. Similarly, when a Cj- or 
C r dicl is employed, the analogous hydroxy (Cj- or C 3 -alkoxy)msthyl compounds are obtained. The latter may 
be further transformed by -cth/ation of the terminal hydroxy group, e.g. by conventional mesylation using about 
a 10% excess of mesyi ch. jride, in pyridine as solvent, at from about 0*C to about room temperature, followed 
by reaction cf the mesylate with, for example, an amine of formula R 5 R*NK Preferably the reaction is conducted 
with up to a 5- fold excess of amine in a suitable solvent, e.g. acetonitrile, at the reflux temperature of the reaction 
medium. As discussed above, when either R 5 or R 8 is H or both are H, an amine proteclion-deprotection strategy 
may be profitably employed. Thus are provided compounds of formula (I) wherein R* is (C 2 -C 3 )alkoxymethyt 
optionally substituted with either OH or NR 5 R°, and R\ R\ R 3 , R 5 and R 6 are as previously defined. 

The higher homologues of the above compounds, i.e. those compounds of formula (I) wherein R* is (C r 
C 3 )aIkoxy ethyl optionally substituted with either OH or NR 5 R 8 , may be synthesised by similar procedures from 
the 2-chloroethyf, 2-bromoethyl cr 2-mesyioxyethy! analogues of (III) which, in turn, are derivable from the cor- 
responding 2-hydroxyethyi precursor by standard procedures. This precursor may be prepared for example 
from a compound of formula (1), wherein R* is bromo and R 1 . R 2 and R 3 are as previously defined (f^muia 
(IV)), by lithium-bromine exchange using n-buiyllithium, followed by reaction of the aryllithium intermediate 
(vide infra) with ethylene oxide. 




(IV) 



The chloromethyl intermediates of formula (III) may also be used for the preparation of compounds of for- 
mula (!), wherein R* is CH 2 NR?R3 and R\ R 2 . R 3 , R 5 and R 6 are as previously defined, by reaction with the 
appropriate amine of formula P. £ R € NH (or protected version thereof- vide supra) . Preferably the reaction is car- 
ried out with about a 3-fo!d excess of amine in a suitable solvent, e.g. 2-butanone. at from about 0°C to the 
reflux temperature of the reaction medium. By analogy, compounds of formula (I) wherein R* is (C-^-C* alky- 
lene)NR 5 R* may be conveniently obtained from the appropriate chtoro, bromo, or mesyloxy precursor which, 
in turn, is derivable from the corresponding alcohol (see above for a synthetic approach to the 2-hydroxyethyl 
analogue). The S-hydroxypropyi and 4-hydroxybutyi analogues may be prepared by catalytic hydrogenation of 
the alkenols obtained when the above-mentioned bromo compound of formula (IV) is subjected to Heck reaction 
conditions (vide infra) with allyl alcohol or 3-buten-1-ol respectively. 

The chloromethyl intermediates may further be employed to furnish the, corresponding methyl derivatives, 
i.e. compounds of formula (I) wherein R* is CH 3 and R 1 . R 2 and R 3 are as previously defined. This can be ach- 
ieved by catalytic hydrogenation using a palladium on charcoal catalyst, in a suitable solvent such as ethyi acet- 
ate, at about 50 p.s.i. (3.45 bar) and room temperature. By analogy, when R* is ethyl, n-propyl or n-buryl. such 
compounds of formula (I) may also be obtained from the corresponding alkyl chlorides derived, in turn, from 
the appropriate alcohols mentioned above by standard methodology. Other alcohol derivatives, e.g. the corre- 
sponding bromide or mesylate, may also be used. 

The above bromo derivatives (IV). which are valuable intermediates in the synthesis of yet further com- 
pounds of formula (I), may be prepared from a compound of formula (II) by direct bromination in a suitable sol- 
vent This may be achieved, for example, either with about a 60% excess of N-bromosuccinimide in dimsthyi- 
formamide at room temperature or with a similar excess of bromine in glacial acetic acid at from about room 
temperature to about 100 e C. Alternatively, (IV) and the corresponding fluoro. chloro and iodo analogues may 
be obtained from the primary amine (vide infra) via classical sequential diazotisaticn-halogenation procedures 
including, for example, the Schiemann, Sandmeyerand Gatterman reactions. 

By exploitation of Heck methodology, the bromo intermediate (IV) can be transformed to compounds of 
formula (I), wherein R* is CH=CHCN, CH=CHCONR 5 R» or CH=CHC0 2 R 7 and R 1 , R 2 . R 3 , R 5 . R fi and R 7 are 
as previously defined, by. employment of acryionitriie or the appropriate acrylic acid amide or ester derivative. 



5 



E? 0 526 004 A1 



The reaction is generally carried out with about a 50% excess of both the atkene reagent and a tertiary amine 
such as trie thiamine, in the presence of about 0.1 equivalents of a tertiary arylphosphine, preferably tri-o-tol- 
ylphosphine. and about O.05 equivalents of palladium(!l) acetate, in a suitable solvent such as acetonitrile, at 
the reflux temperature of the reaction medium. The resulting acrylic esters may be hydrolysed if desired, e.g. 

5 us j ng a q ueC us sodium hydroxide solution, with methanol as co-solvent, to afford the corresponding cinnamic 
acids. Moreover, all the ?!kenyl products thus synthesised may be subjected to catalytic hydrogenation, e.g. 
using 5% palladium Gn clurcoal in a suitable solvent at about 15 p.s.i. (1.0 bar) and room temperature, to pro- 
vide compounds of formula (I) wherein R* is CH 2 CH 2 CN. CH 2 CH 2 CONR5R« or CH 2 CH 2 C0 2 R 7 and R\ R 2 , R 3 , 
R 5 , R 6 and R 7 are as previously defined for formula (I). An alternative reduction strategy, in which the acrylo- 

10 nitrite derivative (cinnamonitrile analogue) is exhaustively hydrogenated with Raney nickel in glacial acetic acid, 
affords a compound of formula (I) wherein R 4 is 3-aminopropyl and R\ R 2 and R 3 are as previously defined. 

The higher homologues, i.e. compounds of formula (I) wherein R* is either C 3 -C* alky! or C 3 -C 4 aikenyl 
substituted with CN, CONR 5 R 6 or C0 2 R 7 ..oris 4-aminobutyl, may be derived from the previously mentioned 
alkenols obtained from Heck reactions between the bromo compound of formula (IV) and either allyl alcohol 

15 or 3-buten-1-ol. The conventional procedures necessary for transformation of the terminal hydroxy! group via 
a suitably reactive derivative, e.g. the corresponding chloride, bromide or mesylate, to the required functional 
groups will be well known to persons skilled in the art, and will be equally applicable to the 2-hydroxyef-yl ana- 
logue ( vide supra) thereby offering an alternative to Heck methodology. Compounds of formula (I), wherein R 4 
is CH 2 CN, CH 2 CONR 5 R 5 , CH 2 C0 2 R 7 orCH 2 CH 2 NH 2 , may be obtained from the chloromethyl intermediates of 

20 formula (III) by reaction with an alkali met2l cyanide, e.g. sodium cyanide or pc'assium cyanide, followed by 
standard transformations or the resulting nitrite. 

As a general alternative to the above Heck reaction approach, the desired alkenes (and derived atkanes 
via catalytic hydroge nation) may be obtained using a Wittig- Horner strategy in which an aldehyde of formula 
(I), wherein R- is CHO and R\ R 2 and R 3 are as previously defined, is reacted with the appropriate phosphonium 

25 salt or phosphonate in the presence of a suitable base. The aldehyde itself is obtainable for formylation, e.g. 
using dimethylformamtde. of the previously described aryllithium derivative of (IV) and, by analogy, Is also a 
convenient precursor to compounds of formula (I) wherein R 4 is C 2 -C 4 aikenyl or C 2 -C 4 alky! and R 1 , R 2 and 
R 3 are as previously defined. 

This aryllithium intermediate is also useful in the preparation of compounds of formula (I) wherein R 4 is 

30 CONR 5 R 6 cr C0 2 R 7 and R\ R 2 , R 3 . R s , R 6 and R 7 are as previously defined. For example, lithiation of (IV) in 
dry tetrahydrofuran at about -7S°C using about a 5-fold excess of a solution of n-butyllithium in hexane, quench- 
ing of the resulting aryUithium with carbon dioxide at about -40°C, and aqueous work-up at about 0°C including 
careful acidification to pH 3. furnishes ihe corresponding benzoic acid derivative. The acid may be activated 
under mild conditions, such as those containing in peptide bond formation via amino acid coupling procedures, 

35 and converted to an ester or amide derivative as required. For example, activation of the benzoic acid using 
a carbodiimids/1-hydroxybenzotriazole combination in the presence of the required amine of formula R S R 5 NH 
or alcohol of formula R 7 OH, in a suitable solvent such as dichloromethane at about 0°C to room temperature, 
yields the corresponding amide or ester respectively. 

The bromo intermediates of formula (IV) are also of utility in the synthesis of compounds of formula (I) 

40 wherein R* is phenyl cr heterocydyl. e2ch of which is optionally susbtituted with methyl, and R\ R 2 and R 3 are 
as previously defined. When R* is phenyl or Otinked heterocydyi, ft may be introduced vi= ps!!ad:*jrr-cata!y?<?d 
* coupling of the zircate derivative generated in situ from the corresponding phenyllithium or heterocydyllithium 
intermediate; the latter, in turn, may be obtained from either the heterocycle or haloheterocycle as necessary 
by treatment with n-butyBithium. Thus, for example, the phenyllithium or heterocydyllithium (in the presence 

45 -»f about 1 extra equivalent of n-butyllithium to accommodate the active hydrogen atom.of the pyrazolopyrimi- 
dinone substrate) is treated with about 2 equivalents of anhydrous zinc chloride in dry tetrahydrofuran at about 
-73°C followed, at about room temperature, by (IV) and the palladium catalyst, preferably tetrakis(triphenyl- 
phosph:ne)palfadium(0). The reaction mixture can be heated to reflux with addition of up to about 2 further 
equivalents of anhydrous zinc chloride if necessary. When R* is N-linked heterocyclyl, the reaction may be ccn- 

so ducted with up to about a 5-fold excess cf the appropriate heterocyde in the presence of about a 10% excess 
of base, e.g. anhydrous potassium carbonate, to scavenge the hydrogen bromide by-product, together with 
about a 10% excess of copper-bronze and about 0.25 equivalents of iodine catalyst in a suitable solvent, e.g. 
dimethylformamide, at about the reflux temperature of the reaction medium. 

Compounds of formula (I), wherein R* is NHS0 2 NR5R« or NHS0 2 R 8 and R\ R 2 , R 3 , R 5 . R 8 and R 3 are as 

55 previously defined, may be synthesised from the corresponding primary amine which, in turn, is obtained by 
nitration of (II) using, e.g. a conventional concentrated nitric acid/concentrated sulphuric acid combination, fol- 
lowed by reduction of the nitroarene by catalytic hydrogenation using conventional procedures. The reaction 
is generally carried out using equimolar quantities of the primary amine of formula (I), wherein R* is NH 2 and 
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R\ R 2 and R 3 are as previously defined, and either the required sulphamoyl halide or alkylsulphonyl halide (pre- 
ferably the chlorides) of formula R5R 5 NS0 2 halo or R e S0 2 halo respectively, in the presence of excess tertiary 
amine such as triethylamine or pyridine to scavenge the acid by-prcduct, in a suitable solvent, e.g. dichloro- 
methane. at from about 0°C to about room temperature. Pyridine may conveniently function as both base and 
solvent when desired, and the reaction may bs optionally catalysed by the addition of about 0,1 to 0.2 equiv- 
alents of a 4-t-aminopyririine such as 4-dimethyiaminopyridine. When both R 5 and R 5 are H, the desired product 
may also be obtained by taction of the primary amine with sulphamide in a suitable solvent, e.g. 1,4-dioxan, 
at about 100°C. 

When, in transformations of compounds of formula (II) to compounds of formula (I), R 3 is a group suscept- 
ible to reaction or removal under the particular conditions employed to introduce R 4 , said R 3 group may itself 
be introduced at the final stage of the synthesis. Thus a phenol of formula (II). wherein R 3 is H, and R 1 and R 2 
are as previously defined, which is obtainable for example by Pd°-mediated deprotection of the O-allyl analo- 
gue, i.e. a compound of formula (li) wherein R 3 is allyl, and R 1 and R 2 ?.re as previously defined, serves as the 
substrate for the subsequent reactions involved in introducing the various R 4 substituents. A final O-alkylation 
of the phenolic group is then necessary to furnish a compound of formula (I), wherein R 1 , R 2 . R 3 and R* are 
as previously defined. This may be achieved under standard conditions using the appropriate alkyl chloride, 
bromide orsulphonate in the presence of a base such as anhydrous potassium carbonate in a suitable solvent, 
e.g. 2-butanone, at the reflux temperature of the reaction mixture. Alternatively, the alkylation may be effected 
under typical Mitsunobu reaction conditions. 

A compound of formula (II) may be prepared from a compound of formula (V): 



wherein R", R 2 and R 3 are as previously defined, by the application of known cyclisation methods for pyrimf- 
dinone ring formation. Thus, for example, the cyclisation may be effected by the treatment of (V) with a base 
such as sodium hydroxide or potassium carbonate, optionally in the presence of hydrogen peroxide, in an etha- 
nol-water medium at reflux temperature. Under these conditions the related nitriie of formula (VI), wherein R 1 , 
R 2 and R 3 are as previously defined, may also be employed as the precursor to (IV). 

In an alternative cydisation procedure, compounds of the formula (II) may be obtained by treatment of (V) 
with polyphosphoric acid at about 140*C. 

Compounds of formulae (V) and (VI) may be prepared from compounds of formulae (VII) and (VIII) respec- 
tively: 




(V) 



(VI) 





NC, 



(Vil) 



(VIII) 



wherein R 1 and R 2 are as previously defined, by reaction with a compound of formula (IX): 
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R 3 0 




wherein R 3 and Y are as previously defined. 

The reaction is generally carried out using an excess of (IX) in the presence of an excess of a tertiary amine 
such as triethylamine to act as scavenger for the acid by-product (HY), optionally in the presence of a catalyst 
such as 4-dimethylaminopyridine, in an inert solvent such as dichloromethane at from about 0 3 C to room tem- 
perature. 

Compounds of formula (I) may be obtained more directly from a compound of formula (X): 




(X) 



wherein R 3 , R 4 and Y are 3s previously defined, when such acyl halides are readily accessible, by reaction 
with either (VII) or (VIII) and subsequent ring-ciosure of the product as described above. Clearly this alternative 
synthetic route will only be appropriate when R 4 is compatible with the reaction conditions obtaining in both 
steps, e.g. when R 4 is acetyl as illustrated by Example 17. 

The aminopyrazoles of formulae (VI!) and (VIII), the acyi halides of formulae (IX) and (X), and the inter- 
mediates employed for introduction of the various R* substituents into compounds of formula (il) to afford com- 
pounds of formula (I), when neither commercially available nor subsequently described, can be obtained by 
conventional synthetic procedures, in accordance with literature precedent, from readily accessible starting ma- 
terials using appropriate reagents and reaction conditions. 

Certain of the compounds of formula (1). wherein R 9 is as previously defined but not hydrogen, may be 
prepared directly from the corresponding 4-N-unsubstituted piperazine analogue, that is the precursor wherein 
R3 is hydrogen, using appropriate standard synthetic procedures. 

All of the above reactions are entirely conventional and the necessary reagents and conditions for their 
performance can readily be established by reference to standard text books and to the Examples provided here- 
after. Alternatives and variations will also be evident to persons skilled in the art to enable all the compounds 
defined by fen nula (I) to be prepared. 

The biological activities of the compounds of the present inventor* were determined by the following test 
methcJs. 

Phosphodiesterase activity 

Compound affinities for cGMP and cAMP PDEs are assessed by determination of their IC M values (the 
concentration of inhibitor required for 50% inhibition of enzyme activity). The PDE enzymes are isolated from 
rabbit platelets and rat kidney, essentially by the method of W.J. Thompson et at. (Biochem., 1971, 10, 311). 
The calcium/calmodulin (Ca/CAM)-independent cGMP PDE and the cGMP-inhibited cAMP PDE enzymes are 
obtained from rabbit platelets whilst, of the four major PDE enzymes of the rat kidney, the Ca/CHM-depenaent 
cGMP PDE (fraction !) is isolated. Assays are performed using a modification of the "batch" method of W.J. 
Thompson and M.M. Appleman (Biochem., 1.979. 13, 5228). Results from these teste show that the compounds 
of the present invention are potent and selective inhibitors of both cGMP PDEs. 

Platelet antiaggregatory activity 

This is assessed by the determination of a compound's ability to inhibit platelet aggregation in vifro induced 
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by platelet activating factor (PAF). and to potentiate the platelet antiaggregatory action in vitro of activators of 
guanylate cyclase such as nitroprussrde and EDRF. Washed platelets are prepared essentially by the method 
of J.F. Mustard et al. (Methods in Enzymol., 1989, 169, 3) and aggregation is determined using standard tur- 
bidimetric techniques as described by G.V.R. Born, (J. Physiol. (Lond), 1962, 162, 67P). 

c 

Antihypertensive activity 

This is assessed following intravenous or oral administration of a compound to spontaneously hypertensive 
rats. Blood pressure is recorded via a cannula implanted ;n the carotid artery of either conscious or anaesthe- 
10 tised animals. 

For administration to man in the curative or prophylactic treatment of angina, hypertension or congestive 
heart failure, oral dosages of the compounds will generally be in the range of from 4-800 mg daily for an average 
adult patient (70 kg). Thus for a typical adult patient, individual tablets or capsules contain from 2-400 mg of 
active compound, in a suitable pharmaceutical^ acceptable vehicle or carrier, for administration in single or. 

15 multiple doses, once or several times per day. Dosages for intravenous, buccal or sublingual administration 
will typically be within the range of from 1-400 mg per single dose as required. In practice the physician will 
determine the actual dosing regimen which will be most suitable for an individual patient and it will vary with 
the age, weight and response of the particular patient. The above dosages are exemplary of the average case 
but there can be individual instances in which higher or lower dosage ranges may be merited, and such are 

-»•? within the scope of this invention. 

For human use. the compounds of formula (I) can be administered alone, but will generally be administered 
in admixture with 3 pharmaceutical carrier selected with regard to the intended route of administration and stan- 
dard pharmaceutical practice. For example, they may be administered orally, buccally or sublingual!* in the 
form of tablets containing excipients such as sip.rch cr lactose, or in capsules or ovules either alone or in ad- 

25 mixtures with excipients, or in the form of elixirs or suspensions containing flavouring or colouring agents. The 
compounds may also be injected parenteral!^ for example intravenously, intramuscularly, subcutaneously or 
intracoronarily. For parenteral administration, they are best used in the form of a sterile aqueous solution which 
may contain other substances, for example salts, or monosaccharides such as mannitol or glucose, to make ■ 
the solution isotonic with blood. 

30 Thus the invention provides a pharmaceutical composition comprising a compound of formula (I), or a phar 

maceutically acceptable salt thereof, together with a pharmaceutical^' acceptable diluent or carrier. 

The invention also provides a compound of formula (I), or a pharmaceutically acceptable salt thereof, or 
a pharmaceutical composition containing either entity, for use in meJicine. 

The invention further provides the use of a compound of formula (!), or a pharmaceutically acceptable salt 

35 thereof, or a pharmaceutical composition containing either entity, for the manufacture of a medicament tor the 
treatment of stable, unstable and variant (Prinzmetal) angina, hypertension, pulmonary hypertension, conges- 
tive heart failure, atherosclerosis, stroke, peripheral vascular disease, conditions of reduced blood vessel pa- 
tency e.g. post-PTCA, chronic asthma, bronchitis, allergic asthma, allergic rhinitis, glaucoma, or diseases char- 
acterised by disorders of gut motility, e.g. IBS. 

40 In a further aspect, the invention provides a method of treating or preventing stable, unstable and variant 

(Prinzmetal) angina, hypertension, pulmonary hypertension, congestive heart failure, atherosclerosis, stroke, 
peripheral vascular disease, conditions of reduced blooa vessel patency e.g. posl-PTCA, elixir- «5ih.T.a. bron- 
chitis, allergic asthma, allergic rhinitis, glaucoma, or diseases characterised by disorders of gut motility, e.g. 
IBS. in a mammal (including a human being), which comprises administering to said mammal a therapeutically 

45 effective amount of a compound of formula (I), or a pharmaceutically acceptable salt thereof, or a pharma- 
ceutical composition containing either entity. 

The invention also includes any novel intermediates of formulae (II), (ill) and (IV) disclosed herein. 
The syntheses of the compounds of the invention and of the intermediates for use therein are illustrated 
by the following Examples and Preparations. The purity of the compounds was routinely monitored by thin layer 

so chromatography (TLC) using Merck Kieselgel 60 F 254 plates. 'H-Nuclear magnetic resonance spectra were re- 
corded using either a Nicolet QE-300 or a Bruker AC-300 spectrometer and were in all cases consistent with 
the proposed structures. 
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EXAMPLE 1 



5-(2-Ethoxy-5-piperidinoira 

Piperidine (0.22 ml. 0.0022 mol) was added to a stirred suspension of 5-(5-bromoacetyl-2-ethoxypheny1)- 

9 
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1-methyl-3-n-p'ropyl-1,6-dihydrc-7H-pyrazolo[4,3- d]pyrimidin-7-one (Preparation 8, 0.95 g, 0.0022 mol) and 
anhydrous potassium carbonate (0.6 g. 0.0044 mol) in acetonitrile (50 ml) at room temperature. After 18 hours 
the mixture was evaporated under vacuum, the residue dissolved in water (50 ml) and the solution extracted 
with ethyl acetate (3 x 30 ml). The organic extracts were combined, washed with brine (3 x 20 ml), dried 
(Na 2 S0 4 ) and evaporated under vacuum. The resulting yellow solid was chromatographeri on silica gel (12 g), 
using a methanol in dichioromethane elution gradient (0-2% methanol), to give an off-white solid. Crystallisation 
from ethyl acetate-hexa ■ i gave the title compound as an off-white powder (0.27 g. 28%), rn.p. 149-151°C. 
Found: C.66.13; H.6.90; N.15.95. C 2 4H 31 N 5 O s requires C.65.88; H.7.14; N.16.01%. . . 

EXAMPLES 2-8 

The following Examples were prepared Dy the procedure of Example 1 using the appropriate amine. 




R S R S N 
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EXAMPLE 9 



5-{2-Ethoxy-5-[1-hydroxy-2-(1-piperazi^ 
dlpyrimicin-7-one 

Sodium borohydride (0.01 g, 0.0027 moi) was added to a stirred suspension of 5-[2-ethoxy-5-(1- 
pipera2inyi^^tyi)phenylJ-1-methyl-3-n-propyl-1.6-dihydro-7H-pyra20lo[4,3-d] 0.0027 
mol) in etha.iol (10 ml) and the resulting solution stirred at room temperature for 18 hours. The solvent was 
removed by evaporation under vacuum, the residue suspended in saturated aqueous sodium cartonate solu- 
tion (50 ml) and this mixture extracted with dichloromethane (3 x 20 ml). The organic extracts were combined, 
dried (Na 2 SC 4 ) and evaporated under vacuum to give an oil. Trituration with ether gave a white solid, crystal- 
lisation of which from ethyl acetate-hexane gave the title compound as a white powder (0.050 g, 42%), m.p. 
139-140'C. Found: C.62.55; H.7.44; N.18.79. C^NUOa requires C.62.71; H.7.32; N,19.03%. 

EXAMPLES 10-13 

The following Examples were prepared by the procedure of Example 9 using the appropriate ketones (Ex- 
amples 3, 4, 5 and 1 respectively). 
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EXAMPLE 14 

1-Methyl-5-{5-morpholinoacetyl-2-n-propox^ 
one 

This compound was prepared from morpholine and 5-(5-bromoacetyI-2-n-propoxyphenyl)-1-methyl-3-n- 
propyl-1,6-dihydro-7i : -pyrazolo[4,3-d]pyrimdin-7-one (Preparation 11), following the procedure of Example 1, 
and was obtained as white crystals (47%), m.p. 128-129°C. Found: C63.62; H.7.07; N.15.53. C^H^NgCu re- 
quires C.63.56; H.6.89; N,15.44%. 

EXAMPLE 15 

1-Methyl-5-[5-(4-methyM-piperazinylacety!)-2^^ 
d]pyrimidin-7-one 

This compound was prepared from 4-methylpiperazine and 5-(5-bromoacetyl-2-n-propoxyphenyl)-1-me- 
thyi-3-n-prop\'i-1.6-dihydro-7H-pyrazoIo[4 l 3-d]pyrimidin-7-one (Preparation 11), following the procedure of Ex- 
ample 1, and was obtained as a white solid (27%), m.p. 124-125 5 C. Found: C.63.96; H.7.19; N.17.80. 
CjsHsiNsOa requires C.64.36; H.7.34; N. 18.01%. 

EXAMPLE 16 

5-E5-(1-Hydroxy-2-morpholinoethyi)-2-n-prop 
d]pyrimidiri-7-one 

This compound was prepared from l-methyl-5-(5-morpho!inoacetyl-2-n-propoxyphenyl)-3-n-propyl-1,6- 
dihydro-7H-pyrazolo[4,3-d]p>Tim!din-7-one t following the procedure of Example 9, and was obtained as a white 
solid (25%). m.p. 104-105 C C. Found: C.62.90: H.7.50; N.15.48. Cj^NbCU requires C.63.28; H.7.30; 
MS. 37%. 

EXAMPLE 17 

5-(5-Acatyl-2-ethoxyphenyl)-1-meth^ 

Ths title compound was prepared from 4-(5-acetyl-2-ethoxybenzamido)-1-methyl-3-n-propylpyrazole-5- 
carboxamide (Preparation 15), following the procedure of Preparation 7, and was obtained as a white solid 
(77%), m.p. 19S-198°C. Found: C.64.35; H.6.16; N.15.85. C^H^N^ requires C.64.39; H.6.26; N, 15.81%. 

EXAMPLE 18 

5-(5-Bronno-2-n-propoxyphenylH-methyl-3-n-propyl-1^ 

N-Bromosuccinimide (2.6 g, 0.016 mol) in dimethylformamide (40 ml) was added dropwise to a stirred sol- 
ution of 5-(2-n-propoxyphenyi)-1-methyi-3-n.propyM,6-d^ 

tion 10, 4.0 g, 0.010 mol) in dimethylformamide (40 ml) at room temperature. After 7 hours the solvent was 
removed by evaporation under vacuum, the residue suspended in saturated aqueous sodium carbonate solu- 
tion, and the resulting solution extracted with ethyl acetate (3 x SO ml). The organic extracts were combined, 
dried (Na 2 S0 4 ) and evaporated under vacuum. Trituration of the residue with ether, followed by crystallisation 
from ethyl acetate-hexane, gave the title compound as white crystals (3.39 g. 68%), m.p. 117-11 8°C. Found: 
C.53.15; H.5.03; N.13.78. C. l6 H 21 BrN 4 0 2 requires C.53.34; H.5.22; N. 13.32%. 

. EXAMPLE 19 

(E)-3-(1-Methy1-7-oxo-3-n-propyM,e-dihydrc^ t- 
butyl ester 



To a solution of 5-(5-bromc-2-n-propoxyphenyl)-1-methy1-3-n-propyl-1,6-dihydrc-7H-pyrazd!o[4,3-dlpyrH 
midin-7-one (1.0 g, 0.0025 mol) and triethyiarnine (0.38 g, 0.0038 mol) in acetonitrile (2 ml), was added palls- 



EP 0 526 004 A1 



dium(ll) acetate (0.03 g, 0.00013 mot). tri-o-toly!phosphine(0.076 g. 0.00025 mol} and t-buty! acrylate (0.48 g. 
0.0038 mol). The mixture was heated under reflux for 4 hours, then cooled and evaporated under vacuum. The 
residue was suspended in water (30 mi) and extraction with dichloromethane (3 x 20 ml) effected. The organic 
extracts were combined, dried (Na 2 SO«) and evaporated under vacuum to give a yellow-green solid. Chroma- 
5 tography on silica ge! (12 g), using a methanol in dichloromethane eiution gradient (0-2% methanol}, followed 
by crystallisation from elhyi acetate-hexane gave the title compound as a white solid (0.65 g, 58%). m.p. 167- 
168°C Found: C.68.47; H.7.00: N.12.31. C^H^O^ requires C.66.35; H.7.13; N.12.38%. 

EXAMPLE 20 

10 

(E V3-(1-Methyl-7-oxo-3-n-propyl-1,6-dihy^ acid 

2N Aqueous sodium hydroxide solution (2.28 ml, 0.0046 mol) was added to a solution of (E)-3-(1-methyl- 
7-oxo-3-n-propyl-1,6-dihydrc-7H-pyTa2o!o[4,3-d]pyrimidin-5-yl)-4-n-propoxycinnamic acid t-butyl ester (0.40 

is g, 0.00088 mol) in methanol (2.3 ml) and the mixture v/3s heated under reflux for 13 hours. The methanol was 
removed by evaporation under vacuum, the residue dissolved in water (25 ml), and the solution extracted with 
ethyl acetate (4 x 15 ml). The aqueous layer was separated, acidified to pH 1 with hydrochloric acid, and then 
extracted with a mixture of methanol and ethyl acetate (3.97. 4 x 20 ml). The organic extracts were combined, 
dried (Na 2 S0 4 ) and evaporated under vacuum, then the residue crystallised from ethyl acetate to give the title 

20 compound as a white solid (0.27 g. 77%), m.p. 229-230 c C. Found: C.63.64; H.5.93; N.14,14. C 2t H 2S N,0< re- 
quires C.63.46; H.S.24; N.14.10%. 

EXAMPLE 21 

25 S-tStSromo^-ethoxyphenyn-l-methyl^-n-propyl-rS-dihydro-yH-pyrazolo^.S-dlDyrimicin-^-one 

Bromine (0.93 g, 0.0058 mol) was added dropwise to a stirred solution of 5-(2-elhoxyphenyl)-1-methyl-3- 
n-propyi-1.6-dihydro-7H-pyrazoIo[4,3-d]pyrimidin-7-one (Preparation 7, 1.1 g, 0.00352 mol) in glacial acetic 
acid (20 ml). The mixture was stirred at 100 C C for 6.5 hours and the solvent was then removed by evaporation- 

so under vacuum. The residue was dissolved in a 9:1 mixture of methanol in dichioromethane (50 ml), and the 
solution washed with saturated aqueoi -s sodium bicarbonate solution (50 ml), water (50 ml) and saturated brine 
(50 ml), then dried (MgS0 4 ) and evaporated under vacuum. The residue was cnromatographed on silica gel 
(15 g) elub'ng with a mixture of methanol and dichloromethane (1:99) to give, after crystallisation from aceto- 
nitriie. the title compound (0.62 g. 45%). m.p. 157-159 a C. Found: C.52.41; H.5.25; N.14.01. C^H^BnN.O, re- 

35 quires C.52.18; H.4.89; N.14.32%. 

EXAMPLE 22 

{EK-Ethoxy-3-(1-methyl-7-oxc-3-n-^^ t ' bL '' 
40 tyl ester 

The title compound was prepared from 5-(5-bromo-2-ethoxyphenyl)-1-methyl-3-n-propy1-1 ,6-dihydro-7H- 
pyrazolo[4.3-d]pyrimidin-7-one following the procedure of Example 19 and was obtained as a white crystalline 
solid (31%), rap. 179-180°C. Found: C.65.83; H.6.90; N.12.75. C^H^O* requires C.65.89; H.6.68; 
45 N,12.81%. 

EXAMPLE 23 

(EH-Ethoxy-3-(1-metoyl-7-oxo-3^ acid ' 

SO 

The title compound was prepared from (E^ethoxy-3-(1-methy1-7.oxc-3-n-propyl-1,6-dihydro-7H-pyra- 
zolo[4,3-d]pyrimidin-5-yl)cinnamic acid t-butyl ester following the procedure of Example 20 and was obtained 
as white crystals (66%). m.p. 234-236°C. Found: C.63.01; H.5.59; N.14.62. C^H^N.O, requires C.62.82: 
H.5.80; N, 14.65%. 
55 " 
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EXAMPLE 24 

3-{4-Ethoxy-3-(1-methyl-7-oxo-3-n-propyM,6-dihydro-7^ 
acid 

A solution of (E)-4-Ethoxy-3-(1-methyl-7-oxo-3-n-propyl-1,&-dihydro^ 
yl)cinnamic acid (C. 26 g, 0.0011 mo!) in a mixture of methanol (28.5 ml), ethyl acetate (100 ml) and water (1.5 
ml), was stirred with 5% palladium on charcoal catalyst {0.05 g) under a hydrogen atmosphere at room tem- 
perature and pressute for 3 hours. The catalyst was removed by filtration and the solvent removed by evapor- 
ation under vacuum. Crystallisation of the residue from ethyl acetate-hexane gave the title compound as beige 
crystals (0.23 g, 54%), m.p. 165-167°C. Found: C.62.24; H,6. 17; N. 14.09. C 20 H 24 N 4 04 requires C.62.39; H.6.33; 
N, 14.41%. 

EXAMPLE 25 

(EH-Ethoxy-3-(1-meth^7-oxo-3-n-prop^ acid di- 

methylamlde 

The title compound was prepared from N.N-dirnethylacrylarr.ide and 5-(5-bromo-2-ethoxyphenyl)-1-me- 
thyl-3-n-propyt-1 ,6-dihydro-7H-pyTazolo[4,3-d]pyrimidin-7-one following the procedure of Example 19 and was 
obtained, following crystallisation from ethyl acetate-hexane, as colourless crystals (38%). m.p. 219-221 C C. 
Found: C.64.1G; H.6.46; N, 16.96. C^H^NsOj requires C,64.53; H.6.65; N.17.10%. 

EXAMPLE 25 - 

3-[4-Ethoxy-3-(1-methyl-7-oxc-3-n-propyM,6^ 
acid dimethylamide 

The title compound v/as prepared from (E)-4-ethoxy-3-(1-methyl-7-oxo-3-n-propyl-1,6-dihydro-7H-pyra- 
zo!o[4,3-d]pyrimidin-5-yi)cinnamic acid dimethylamide following the procedure of Example 24 and, after crys- 
tallisation from ethyl acetate-hexane, was obtained as colourless crystals (74%), m.p. 155-1 57°C. Found: 
C.64.09; H.7.04; N, 16.71. C2 2 H 20 N 5 O 3 requires C.64.21; H.7.10; N,17.02%. 

EXAMPLE 27 " 

(E)^-Ethoxy-3-(1-methyt-7-cxo-3-n-propy1-1.^^ 

The titlecompound was prepared from a crylo nitrite and 5-(5-bromo-2-ethoxyphenyi)-1-meth>i-3-n-propyl- 
1,S-dihydro-7H-pyra2oIo-[4,3-dlpyrimidin-7-one following the procedure of Example 19 and was obtained as 
off-white crystals (33%). Found: C.65.99; H.5.52; N.19.07. C2oH 21 N 5 0 2 requires C.66.10; H.5.S2; N.19.27%. 

EXAMPLE 23 

5-[5-(3-Aminopropyl)-2-ethoxyphenylVVmeth^ 

A solution of (E)-4-ethoxy-3-(1-methyl-7-oxo-3-n-propyl-1,6-dihydro-7H-pyrazo!o[4,3-d]pyTimidin. 5- 
yi)cinnamonitri!e (0.25 g, 0.00064 mo!) in glacial acetic acid (25 ml) v/as stirred with Raney nickel catalyst (25 
mg) under hydrogen at room temperature and at 50 p.s.i. for 3 hours. The resulting mixture was filtered and 
the filtrate evaporated under vacuum. The residue was partitioned between saturated aqueous sodium car- 
bonate solution (50 ml) and dichloromethane (30 ml), the layers separated and the aqueous phase further ex- 
tracted with dichloromethane (2 x 30 ml). The organic solutions were combined, dried (Na 2 S0 4 ) and evaporated 
" under vacuum to give a brown solid, ct ystaiiisation of which from hexane-ethy! acetate gave the title compound 
as fawn crystals (96 mg, 38%), m.p. 115-117*0. Found C.65.29; H.7.35; N.13.66. C 20 H 27 N 5 O 2 requires C.65.02; 
H.7.37; N.18.98%. 
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EXAMPLE 29 

4- Ethoxy-3-(1-methyi-7-oxo-3-n-propyl-1,6-dihydrc^ acid 

n-Butyllithium (2.5 M solution in hexane, 1.53 ml, 0.0033 mol) was added oropwise to a stirred solution of 

5- (5-bromo-2-ethoxyphenyl)-1-methyl-3-n-propy1-1 ,6-dihycJro-7H-pyra2o!o[4,3-d]pyrimidin-7-cne (0.60 g, 
0.00074 mo!) in dr.- tetrahydrofuran (25 m!) at -78 C C under a dry nitrogen atmosphere. After 0.3 hour at -73°C, 
the solution was allowed to warm to -40°C and carbon dioxide gas was bubbled through the solution. The re- 
sulting solution was allowed to v/arm to room temperature and then poured into water acidification to pH 3 
with 2N hydrochloric acid and extraction with a 9:1 mixture of dichloromethane and methanol (4 x 50 ml) were 
then effected. The organic extracts were combined, dried (MgS0 4 ) and evaporated under vacuum to give a 
colourless solid. Chromatography of this solid on silica gel (20 g), using a methanol in dichloromethane elution 
gradient (2-5% methanol), gave a solid which was dissolved in a 9:1 mixture of dichloromethane and methanol 
(50 ml); this solution was then washed with saturated aqueous sodium carbonate solution (50 ml), dried 
(MgS0 4 ) and evaporated under vacuum to give the title compound as a white powder (0.144 g, 26%), m.p. 285- 
288°C. Found: C.60.74; H.5.72; N.15.51. C 1£ K 20 N.CU requires C.60.66; H.5.66; N.15.72%. 

EXAMPLE 30 

5-I2-Ethoxy-5-(4-methylp;pera2inylcarb^ 
midin-7-one 

A solution of 4-ethoxy-3-(1-methyl-7-oxo-3-r,-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimdin-5-yl)benzoic 
acid (0.095 g, 0.00027 mo!), l-methyipiperazine (0.265 g. 0.00265 mci). 1 -(3-dimelhylaminopropyl)-3-ethylcar- 
bodiirnide hydrochloride (0.077 g, 0.0004 mci) and 1-hycroxybenzotriazoie (0.054 g, 0.0004 mol) in dichloro- 
methane (25 mi) was stirred at room temperature for 18 hours. The reaction solution was washed with water 
(25 ml), dried (MgSO«) and evaporated under vacuum, and then the resulting residue crystallised from ethyl 
acetate-hexane to give the title compound as colourless crystals (0.03 g, 25%), m.p. 19&-197°C. Found: 
C.63.12; H.6.81; N, 18.95. C^H^NsOj requires C, 62.99; H.6.90; N.19.16%. 

EXAMPLE 31 

5-[2-Ethoxy-5-(1-imtQazo!yl)pheny.]-1-methy^ 

A solution of 5-(5-bromo-2-ethoxypheny!)-1-methyl-3-n-prop>'l-1 ) 6-dihydro-7H-pyrazolo[4,3-d]pyrimidin- 
7-one (0.20 g, 0.00051 mol), imidazole (0.172 g, 0.0025 mol), anhydrous potassium carbonate (0.077 g, 
0.00055 mol), copper bronze (0.036 g, 0.00057 mo!) and iodine (0.015 g, 0.00012 mol) in dimethylformamide 
(1 0 ml) was heated under reflux under nitrogen for 4.5 hours, cooled and poured into water (50 ml). This mixture 
was extracted with a 9:1 mixture of dichloromethane and methanol (6 x 50 ml) and the extracts combined, dried 
(MgS0 4 ) and evaporated under vacuum to give a pale brGwn oil. The oil was chromatographed on silica gel 
(20 g), efuting with s, mixture of dichloromethane, methane! cr.d triethylcmir.e (97.3:2:0.2). tc give 2 ye!!c\v cciid, 
crystallisation of which from ethyl acetate-hexane gave the title compound as a cream solid (0.073 g, 38%), 
m.p. 193-194°C. Found: C.63.61; H.5.97; N,22.03. C^H^NeC^ requires C.63.4S; H.5.8S; N,22.21%. 

EXAMPLE 32 % 

5-t2-Ethoxy-5-(1-methyl-2-im1dazolyl)phen^ 
7-one 

r.-ButyHithium (1.6 M solution in hexane, 9.6 ml, 0.0153 mol) was added to a stirred solut ; on of 1-methyli- 
midazcle (0.628 g, 0.0077 mol) in dry tetrahydrofuran (10 m!) at -78°C, and the resulting solution stirred for 
0.25 hours. A solution of an hydrous zinc chloride (2.03 g, 0.0153 mol) in dry tetrahydrofuran (15 ml) was added, 
the mixture allowed to warm to room temperature, then 5-(5-bromo-2-ethoxyphenyi)-1-methyI-3-n-propyl-1,6- 
dihydro-7H-pyrazoIo[4.3-d]pyrimidin-7-one (1.0 g, 0.0026 mol) and tetrakis(triphenylphosphine)pailadium(0) 
(0.036 g, 0.031 mo!) were added and the mixture heated under reflux for 18 hours, A further quantity of anhy- 
drous zinc chloride (2.08 g, 0.0153 mol) was added and the resulting mixture heated under reflux for a further 
60 hours, then cooled; methanol (2 ml) was added and the solvent removed by evaporation under vacuum. 
The residue was heated with a solution of disodium elhytenediaminetetraacetic acid dihydrate (23.0 g, 0.0618 
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mol) in water (100 ml) to 100 C C for 0.2 hour, then the resulting solution basified to pH a with saturated aqueous 
sodium carbonate solution and extracted with dichloromethane (6 x 100 ml). The organic extracts were com- 
bined, dried (Na 2 30*) and evaporated under vscuum to give a yellow solid, purification of which by chroma- 
tography on silica gel (13 g), using a methanol-dichloromethane elution gradient (0-3% methanol), followed by 

5 crystallisation from ethyl acetate, gave the tide compound as an off-white solid (0.542 g, 53%), m.p. 1 99-202 c C. 
Found: C.64.45; H.6.27; N.21.56. C 21 H 24 N a 0 2 requires C.64.27; H.6.16; N,21.42%. 

EXAMPLE 3 3 

10 5-[2-Ethoxy-5-(2-pyridyI)phenyi]-1-methyl-3-n-propy!-1,6-dihydro-7H-pyrazolo[4,3-dlpyrimidin-7-one 

The title compound was prepared from 2-bromopyridine and 5-(5-bromo-2-ethoxyphenyl)-1-methyl-3-n- 
propyl-1,S-dihydro-7H-pyrazo!o[4,3-d]pyTimidin-7-one ) following the procedure described in Example 32, and 
was obtained as an off-white solid (33%), m.p. 216-218°C. Found: C.67.61; H.5.81; N.17.63. C22H 23 N 5 0 2 re- 
15 quires C.67.85; H.5.95; N.17.98%. 

EXAMPLE 34 

1-Methy!-5-(5-morpholinomethyl-2-n-prcpoxyphenyl)-3-n-propyl-1,6-dihyoYo-7H-pyrazolo-[4,3-d]pyrimidin-7- 
2" one 

A so.'uticn cf 5-(5-ch!oromethyl-2-n-propoxyTnsthyl}-1-methyl-3-n-propyi-1.6-dihydro-7H-pyrazcio[4,a- 
d]pyrimidin-7-one (Preparation 16, 0.60 g, 0.0016 mol) in 2-butanone (10 ml) was added dropwise to a stirred 
solution of morpholine (0.42 g, 0.0043 mol) in 2-butanone (40 ml) at 0°C. The solution was then heated under 

22 reflux for 16 hours, cooled and evaporated under vacuum. The residue was suspended in water (50 ml) and 
the suspension extracted with ethyl acetate (3 x 20 ml). The organic extracts were combined, washed with brine 
(2 x 30 ml), dried (Na 2 S0 4 ) and evaporated under vacuum. The residue was chromatographed on silica gel 
(12 g). using an elution gradient of methanol in dichloromethane (0-2% methanol), to give an oil which solidified 
on trituration with hexane. Crystallisation from ethyl acetate-hexane gave the title compound as a colourless 

30 solid (0.36 g. 53%), m.p. 10S-107°C. Found: C.64.75; HJ.34; N.16.36. C^h^N^ requires C.64.92; H.7.34; 
N.16.46%. 

EXAMPLE 35 

35 1-Mgthy!-5-[5-(4-methyl-1-pipera 
d]pyrimidin-7-one 

The title compound was prepared from 5-(5-chloromethyI-2-n-propoxyphenyl)-1-methyl-S-n-propyt-1 ,6-dh 
hydro-7H-pyrazolo[4.3-d}pyrimidin-7-one and 1-methylpiperazirie, following the procedure of Example 34, and 
40 was obtained as a colourless solid (36%). m.p. 149-150°C. Found: C.65.68; H.7.33; N.19.10. C2*H M N 6 0 2 re- 
quires C.65.73; H.7.81; N,19.16%. 

EXAMPLE 36 

6 1-Me;hyl-5-(5-methyl-2-n- pro poxy phenyl)-^ 

A solution of 5-(5-chloromethyl-2-n-propoxyphenyl)-1-methyl-3-r.-propyl-1,6-dihydro-7H-pyTazo!o[4,3- 
d]pyrimidin-7-cne (0.5 g, 0.0013 mol) in ethyl acetate (50 ml) was stirred with 10% palladium on charcoal cat- 
alyst under a hydrogen atmosphere at 50 p.s.i. and room temperature. After 1 hour, the mixture was filtered 
so and'the filtrate evaporated under vacuum to give a pate green solid. Chromatography on silica gel (4 g) using 
a methanol in dichloromethane elution gradient gave a white solid, crystallisation of which from hexane-ethyl 
acetate gave the title compound as colourless needles (0.12 g. 26%), m.p. 115-116"C. Found: C.66.66; h',7.12; 
N.16.55. C 19 H 2 «N 4 0 2 requires C.67.04; H.7.11; N.16.46%. 
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EXAMPLE 37 

5-(5-Hydroxymethyl-2-n-propoxyphgnylH-^^ 

To a solution of S-CS-chtorornethyl-a-n-propoxyphenyO-l-meihyl-S-n-propyl-I.e-dihydro-TH-pyrazoIo^.a- 
d]pyrimidin-7-one (0.5 g. 0.0013 mol) in dimethyl suiphoxide (10 ml) was added sodium hydroxide (0.26 g, 
O.v )65 moi) and ethylene glycol (0.41 g. 0.0065 mol). The reaction mixture was heated at 100 9 C for 6 hours, 
allowed to cool and poured into water (50 ml), then the aqueous mixture extracted with ethyl acetate (3 x 30 
ml). The combined extracts were filtered, dried (Na 2 S0 4 ) and evaporated under vacuum to provide an oil which 
was purified by chromatography on silica gei (6 g). using a methanol in dichloromethane elution gradient (0- 
3% methanol). The solid product was crystallised from hexane-eihyl acetate to afford the title compound as a 
white solid (2%). m.p. 174-175°C. Found: C.63.97; H.6.66; N.15.57. C 19 H 2 <N 4 0 3 requires C.64.03; H.6.79; 
N, 15.72%. 



EXAMPLE 38 

5-(5-Ethoxymethyl-2-n-propoxypheny^ 

Sodium (0.15 g, 0.0013 mol) was added portionwise to ethanol (40 ml) over 1 hour. 5-(5-Ch!oromethyl-2- 
n-propoxyphenyl)-1-methyl-3-n.propyl-1,6-dihydro-7H-pyrazo!o[4,3- d]pyrimidin-7-one (0.5 g, 0.0013 mol) 
was then added to the solution and, after 3 days at room temperature, the solvent was removed by evaporation 
undervacuum. The residual solid v/as suspended in water (50 ml) and the suspension extracted with ethyl acet- 
ate (3 x 30 ml). The extracts were then combined, dried (NaaSO*) and evaporated under vacuum to give a green 
solid. Chromatography on silica gel (6 g) using a methanol in dichloromethane elution gradient gave, after crys- 
tallisation of the required product from a hexane-ethyt acetate mixture, the title compound a? a white solid (0.2 
g, 39%) m.p. 89-90'C. Found: C.65.07; H.7.57; N,14.66. C^H^N^ requires C.65.60: H.7.34; N,14.57%. 

EXAMPLE 39 

5-[5-(2-Hydroxyethoxymethyl)-2-n-p^^ 
midin-7-one 

This compound was prepared nom 5-(5-chIoromethyl-2-n-propoxy-phenyl)-1-methyl-3*n-propyl- I.S-dihy- 
dro-7H-ovrazotof4,3-d]pyrimidin-7-one and ethylene glycol following the procedure of Example 38 and v/as ob- 
tained as a whitesolid (45%), m.p. 1 01-1 02°C. Found: C.63.13; H,6.SS; N.13.98. C 21 H 28 N i 0 4 requires C.62.93; 
H.7.05;N,13.99%. 

EXAMPLE 40 

1-Methyl-5-[5-(2-morpholinoethoxym 
dlpyrimidin-7-one 

(a) Methanesuiphonyi chloride (0.56 g, 0.0049 mol) was added to a stirred solution of 5-[5-(2-r,ydroxye- 
thoxyTTiethyl)-2-n-propoxyp^ 

(1.8 g, 0.0045 mol) in pyridine (25 ml) at 0°C. After 18 hours at room temperature, the solvent was removed 
by evaporation under vacuum and the residue partitioned between 2N hydrochloric acid (30 ml) and di- 
chloromethane (30 ml). The aqueous layer was separated and extracted with dichloromethane (2 x 30 ml), 
then the organic solutions combined, dried (Na 2 S0 4 j and evaporated under vacuum to give^a brown oil. 
Chromatography on silica gel (12 g) using a methanol in dichloromethane elution gradient (0-3% methanol) 
gave an oil. trituration of which with hexane. followed by crystallisation from hexane-ethyl acetate, gave 
the required mesylate as white crystals (0.19 g. 9%). m.p. 74-76°C. Found: C.55.71; M.6.25; N,11.v9. 
C^Hso^OgS requires C.55.21; H.6.32; N.11-71%. 

(b) Morphotine (0.19 g, 0.0021 mol) was added to a solution of the above mesylate, namely S-[5-{2-m& 
thanesulphonyloxyethoxymethy1)-2^ 7H-pyrazolo[4 3- 
d]pyrimidin-7-one. (0.20 g, 0.00042 mol) in acetonitrile (25 ml) and the stirred mixture was heated under 
reflux for 18 hours. The solvent was removed by evaporation under vacuum, the residue dissolved in satu- 
rated aqueous sodium carbonate solution and the solution extracted with ethyl acetate (3 x 20 ml). The 
extracts were combined, dried (Na 2 SO«) and evaporated under vacuum, and the residue was chromato- 
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graphed on silica gel (4 g) using an elution gradient of methanol in dichloromethane (0-2% methanol). Evap- 
oration under vacuum of the appropriate fractions, followed by crystallisation from hexane, gave the title 
compound as white crystals (0.098 g, 48%). m.p. 65-66°C. Found: C,64.17; H t 7.69; N.14.96. CjsHasNsOs 
requires C.63.94; H.7.51; N,14.91%. 

EXAMPLE 41 



5-(2-Sthoxy-5-methanesulphonamidophen>i)-1-me^ 
7-one 



Methanesulphonyl chloride (0.157 g, 0.00137 mo!) was added to a stirred solution of 5-(5-amino-2-ethox- 
yphenyi)-1-methyl-3-n-propyl-1,6-dihydro-7H.pyra20lo[4,3-d]pvrimidin-7-one (0.45 g, 0.00137 mol) in dry pyr- 
idine (30 mi) at0°C. The mixture was stirred for 18 hours at room temperature and then evaporated under va- 
cuum. The residue v/as suspended in saturated aqueous sodium bicarbonate solution (50 mi) and the mixture 
extracted with dichloromethane (2 x 30 ml). The organic extracts were combined, washed with brine (2 x 30 
ml), dried (Na 2 S0 4 ) and evaporated under vacuum. The residue was triturated with ether, chromatographed 
on silica gel (12g), eluting with a.98.5: 1.5 mixture of dichloromethane and methanol, and the required product 
crystallised from ethy! acetate-hexane to give the title compound as a white powder (0.32 j, 58%). m.p. 205- 
206 e C. Found: C.53.63; H.5.66; N.17.24. C 1S H 23 M 5 0 4 S requires C.53.32; H.5.72; N.17.27%. 

EXAM'LE 42 

5-[2-Ethoxy-5-(3-morpho[inbpropy!sulphonam 
cjpyrimidin-7-one 

The title compound was prepared from 5-(5-amino-2-ethoxyphenyi)-1-meihyl-3-n-propyi-1,6-dihyoro-7H- 
pyra2olo[4,3-d]pyrimidin-7-one and 3-morpho!inopropylsulphonyI chloride, following the procedure of Example 
41 , and v/as obtained as brown crystals (14%). m.p. 1 57-1 59 C C. Found: C.55.42; H.6.53; N.1 6.01 . C^H^NsOjS 
requires C.55.58; H.6.61; N.16.21%. 

EXAMPLE 43 

5-[ 2-Ethoxy-5-(4-methyl-1-piperazinyl)sulphon^ 
lo[4,3-d]pyrimidin-7-one 

The title compound was prepared from 4-methyt-1-piperazinylsulphonyl chloride and 5-(5-aminc-2-ethox- 
yphenyi)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazoIc[4,3-d]pyrimdin-7-one, following the procedure of Ex- 
ample 41. and was obtained as an orange powder (13%), m.p. 152-153°C. Found: C.54.32; H.6.38; N.19.88. 
C 22 H3iN 7 O i S requires C.53.97; H.6.38; N.20.03%. 

EXAMPLE 44 

5-I5-(4.Benzyl-1-piperazfaylsu1phonamidophen^ 
lo[4.3-dlpyrimdin-7-one 

4-8enzyl-1-piperazinytsulphony1 chloride (Preparation 19, 0.9 g, 0.0029 moi) was added to a stirred solution 
of 5-(5-amino-2-ethoxy-phenyl}-1-methyi-3-n-prop^ (O- 94 9* 

0.0029 mol). 4-dimethytaminopyridine (0.050 g, 0.00041 mol) and triethylamine (1.09 g, 0.01 08 mol) in dichloro- 
methane (50 ml). The solution was stirred at room temperature for 48 hours and then evaporated under vacuum. 
The residue was suspended in saturated aqueous sodium bicarbonate solution (50 ml) and the suspension ex- 
tracted with dichloromethane (3 x 30 ml). The "organic extracts were combined, washed succesively with satu- 
rated aqueous sodium bicarbonate solution (2 x 20 ml) and brine (3 x 20 ml), dried (Na 2 SO<) and evaporated 
under vacuum. The residue was chromatographed cn silica gel (20 g) using a methanol in dichloromethane 
elution gradient (0-4% methanol), and the required product crystallised from ethyl acetate-hexane to give the 
title compound as an off-white powder (0.1 85 g, 11%). Found: C.58.30; H.6.20; N.1 6.80. C28H35N7O4S; 0.5H 2 0 
requires C.58.52; H.6.31; N.17.06%. 
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PREPARATION 1 

1 . M ethyl-3-n-propyJpyrazole-5-c3rboxylic acid ethyl ester 

A mixture of 3-n-propylpyrazole-5-carboxylic acid ethyl ester (24.1 g, 0.132 mol) (prepared by the method 
of Chem. Pharm. Bull., 1984. 32, 1563) and dimethyl sulphate (16.8 g, 0.133 mol) were heated to 90 U C i"ur 2.5 
hours. The m :ture was dissolved in dichloromethane and the solution washed with aqueous sodium carbonate 
solution. The organic phase was separated, dried (MgSO,) and evaporated under vacuum to give a solid. Chro- 
matography on silica gel (300 g), eluting with dichloromethane, gave the product as a colourless oi! (20.4 g, 
79%). Rf 0.8 (silica, dichloromethane, methanol, acetic acid; 80:20:1). 

PREPARATION 2 

1-Methyl-3-n-propylpyrazole-5-carboxylic acid 

1-Methyl-3-n-propy!pyrazo!e-5-carboxylic acid ethyl ester (20.2 g, 0.10 mol) was suspended in 6N aqueous 
sodium hydroxide solution (50 ml, 0.30 mol). The-mixture was heated to 80°C for 2 hours then diluted with v/ater 
(50 mi) and acidified with concentrated hydrochloric acid (25 ml). Filtration gave the ca'boxylic acid as pale 
brcwn crystals (12.3 g, 71%).m.p. 150-154°C. Found: C.55.99; H.7.25; N.16.90. C 6 H 12 N 2 0 2 requires C.57.13; 
H,7 19; N.I 6.66%. 

PREPARATION 3 

1-r/ethyl-4-nitro-3-n-propylpyrazole-5-carboxylic acid 

1-MethyI-3-n-propylpyrazc!e-5-carboxy!ic acid (12.1 g, 0.072 mol) was added portionwise to a mixture of 
oleum (1 3 ml) and fuming nitric acid (11 ml), keeping the temperature below 60°C. After the addition, the mixture 
was heated at 60 3 C overnight and then cooled to room temperature before being poured onto ice; filtration then 
gave the nitropyrazole as a white solid (11.5 g, 75%). m.p. 124-127°C. Found: 0,45.43; N.5.22; N.19.42. 
CsHnNaO* requires C.45.57; H.5.20; N,19.71%. 

PREPARATION 4 

1-Methy1-4-nitro-3-n-propylpyrazo!e-5-carbox5mide 

1-Methy1-4-nitro-3-n.propy!pyrazo!e-5-carboxyi;cacid (11.3g, 0.053 mol) was added tothionyl chloride (50 
ml) and the resulting mixture heated under reflux for 3 hours. The reaction mixture was then cooled and excess 
thionyl chloride removed by evaporation under vacuum. The oily residue was dissolved in acetone (50 ml) and 
the solution cautiously added to a mixture of ice (50 g) and concentrated aqueous ammonium hydroxide solution 
(50 ml). The precipitate was collected by filtration to provide the pyrazolecarboxamide as a pale yellow solid 
(8.77 g. 78%). m.p. 141-143*0. Found: C.45.22; H.5.7.1; N.26.12. CaH^Oj requires C.45.28; H.5.70; 
N,2S.40%. 

PREPARATION 5 

4-Arri.'no-1-methyl-3-n-propylpyra2ole-5-carboxamide 

1-Methyl-4-nitro-3-n-propylpyrazoIe*5-carboxamide (3.45 g, 16.2 mmol) and stannous chloride dihydrate 
(18.4 g, 81 mmol) were suspende in ethanol and the mixture heated under reflux for 2 hours. The resulting 
solution was cooled to room temperature, basrfied to pH 9 by the addition of 2N aqueous sodium hydroxide 
solution and extracted with dichloromethane (3 x 150 ml). The organic extracts were combined, dried (MgS0 4 ) 
and evaporated under vacuum. Trituration of the residue with ether gave the aminopyrazole as an off-white 
solid (2.77 g, 94%). m.p; 98-101°C. Found: C.52,84; H.7.81; N.30.38. C 8 H u N*0 requires C.52.73; H.7.74; 
N.30.75%. 
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PREPARATION 6 

4- (2-Ethoxyben2amidoV1-rnethyl-3-n-propylpyrazole-5-c5rboxsmide 

5 A solution of 2-ethoxybenzoyl chloride (6.1 g, 33.0 mmol) in dichloromethane (50 ml) was added to a stirred 

solution of 4-amiRO-1-methyJ-3-n-propyIpyra2ole-5-carbGxamide (3.0 g, 16.4 mmol), 4-dimethylam!ncpyrk!ine 
(0.02 g, 0.164 m;..ol) and triethyiamine (3.34 g t 33.0 mmol) in dichloromethane (50 ml) at 0°C. The resulting 
mixture was allowed to warm to room temperature and stirred for a further 2 hours. The solvent was evaporated 
under vacuum, the residue dissolved in a 19:1 mixture of dichloromethane and methanol (250 ml), and then 

10 the solution washed with 1N hydrochloric acid (100 ml), dried (MgSO.) and evaporated under vacuum. The 
crude material was chromatographed on silica gel (200 g). eluting with a 97:3 mixture of dichloromethane and 
methanol, to give a pink solid; crystallisation from ethyl acetate-hexane gave the pyrazole-5-carboxamide as 
a pale pink solid (2.2 g, 40%), m.p. 153-1 55°C. Found: C.61.66; H.6.77; N. 16.95. C 17 Hz2N,0 3 requires C.61.80; 
H,6.71;N,16.96%. 

15 

PREPARATION 7 

5- (2-Ethox7phenyl)-1-methyN3-n-propyl-1,6-dihvdro-7H-pyiazolo[4,3-d]pyr imidin-7-one 

20 4-(2-Ethoxyben2am:do)-1-methyl-3-n-propyIpyra20ie-5-carboxamide (223 g, 0.676 mo!) was added por- 

tionwise to a solution of sodium hydroxide (54 g. 1.35 mol) and 30% hydrogen peroxide solution (224 mi) in 
water (2000 ml). Ethanot (700 ml) was added and the resulting mixture heated under reflux for 2.5 hours, cooled, 
then evaporated under vacuum. The resulting solid was treated with 2N hydrochloric acid (380 ml), with external 
cooling, and the mixture was extracted with dichloromethane (1 x 700 ml; 3 x 200 ml). The combined organic 

25 extracts were washed successively with saturated aqueous sodium carbonate solution (3 x 400 m!) and bnne 
(300 ml), then dried (Na-S0 4 ) and evaporated under vacuum. 

Chromatography of the residue on silica gel (3 000 g). using a methanol in dichloromethane eiution grad!ent 
(0-1% methanol), followed by trituration of tfie crude product with ether (300 ml), gave the title compound as 
a colourless solid (152.2 g. 72%), m.p. 143-146°C. Found: C.65.56: H,5.44; N.18.14. C 17 H 20 N i O 2 requires 

30 C.65.36; H.6.45; N,17.94%. 

PREPARATION 8 

5-(5-Bromoacetyl-2-ethoxypheny1)-Vme 

35 

Aluminium trichloride (12.8g, 0.096 mol) was added portionwise over 1 hour to a stirred solution of 5-(2- 
ethoxyphenyi)-1-methyl-3-n-propy1-1,6-dihydro-7H-pyra2clo[4.3-d]pyrimidin-7-one (10.0 g, 0.032 mol) and 
brcmoacetyl bromide (5.6 ml, 0.054 mol) in dichloromethane (150 ml) at 0°C. After 18 hours at room temper- 
ature, the reaction mixture was poured into ice and water (400 g) and the resulting mixture stirred v.gorousty. 
40 The organic phase was separated and the aqueous phase further extracted with dichloromethane (2 x 100 ml). 
The organic solutions were combined, dried (Na 2 S0 4 ) and evaporated under vacuL-rr »o c h, ? * n nff-wMe soi.d, 
trituration of which from ether gave the title compound as a white solid (1 0.87 g. 78%), m.p, 1 59-1 60«C. Found. 
C.52.54; H.4.88; N.12.78. C 19 H 21 BrN 4 0 3 requires C52.67; H.4,88; N.12.93%. 

45 PREPARATION 9 

1-M5thyl-4-(2-n-propoxybenzarnido)-3-n-propyjpyrazole-5-carboxamide 

This amide was prepared from 2-n-propoxybenzoyi chloride following the procedure described in Prepa- 
so ration 6 and was obtained as a pink solid (63%). rap. US-149'C. Found: C.52.97; H.7.00; N. 1 6.29. C lfl H 2< N,0 3 
requires C.62.77; H.7.02; N.16.27%. 

PREPARATION 10 

55 i-Melhyl-5-(2-n-propoxyphen^ 

1-Methy1-4-(2-n-propoxybenzamido)-3.n-propylp>Tazole-5-c a rbox a mide (0.34 g, 0.99 mmol) was added to 
a stirred mixture of 30% hydrogen peroxide solution (1 .0 ml), potassium carbonate (0.54 g. 3.92 mmol), water 
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(10 ml) and ethanol (5 ml). The mixture was heated under reflux for 38 hours and then evaporated under va- 
cuum. The residue was suspended in water (20 mi), then the suspension acidified with 2N hydrochloric acid 
and extracted with dichloromethane (3 x 20 ml). The extracts were combined, dried (Na 2 S0 4 ) and evaporated 
under vacuum. The resulting residue was chromatographed on silica gel (6 g). using a methanol in dichloro- 
s methane e'ution gradient {0-1% methanol), to give an oil, successive trituration of which v/ith ether gave the 
required product as a w-te solid (0.19 g, 59%), m.p. 111-114'C. Found; C.66.26; H.6.92; M.17.15. C, 5 H^h0 2 _ 
requires C.66.23; H.6.8U; N.17.17%. 

PREPARATION 11 

10 

5.(5-Brornoaceryl-2-n-propoxyphenyl)-1-methyl-3^ 

Aluminium trichloride (6.0 g, 0.045 mol) was added portionwise to a stirred solution of 1-methy!-5-(2-n- 
propoxyphenyI)-3-n-propyl-1 ,6-dihydro-7H-pyra2olo[4.3-d]pyrimidin-7-one (5.0 g, 0.0153 mol) and 2-bromoa- 

15 cetyl chloride (2.5 ml, 0.0303 mol) in dichioromethane (100 ml) at 0°C. The reaction mature was allowed to 
warm to room temperature, stirred for 18 hours, heated under reflux for 3 hours and then added cautiously to 
ice and water (100 g). The resulting mixture w«s stirred for 1 hour and extracted v/ith dichloromethane (2 x 50 
mi). The combined organic extracts were v/ashed with brine (2 x 50 ml), dried (Na 2 S0 4 ), then evaporated under 
vacuum to give an off-white solid, which was triturated with ether to give the title compound as a white solid 

20 (4.1 g, 60%). A small sample was crystallised from ethyl acetate-hexane to give the pure product, m.p. 135- 
137°C. Found: C ; 53.82; H.5.24; N, 12.57. C^H^BrN^A requires C.53.70; H.5.18; N, 12.52%. 

PREPARATION 12 

25 5-Acstyl-2-ethexy benzoic acid methyl ester 

lodoethane (16.4 g, 0.105 mo!) was added to a stirred mixture of 5-acety!-2-hydroxybenzoic acid methyl 
ester (10 g, 51.5 mol) and anhydrous potassium carbonate (14.4 g, 0.104 mcl) in 2-butanone (200 ml) and the 
resulting mixture heated under reflux for 3 days. The solvent was removed by evaporation under vacuum and 
so the residue partitioned between water (100 ml) and ethyl acetate (100 ml). The aqueous phase was removed 
and extracted with furmer ethyl acetate (4 x 100 ml). The organic solutions were combined, dried (Na 2 S0 4 ) 
and evaporated under vacuum. The residue was chromatographed or. silica gel (130 g), using a methanol in 
dichioromethane elution gradient (0-1% methanol), to give the tit!e compound as colourless crystals (10.15 g. 
89%), m.p. 5Q-55°C: Found: C.64.3S; H.6.33. C 12 H 14 0 4 requires C.64.85; H.6.35%. 

35 

PREPARATION 13 
5-Acetyl-2-ethoxybenzo:c acid 

40 A mixture of 5-acetyl-2-ethoxybenzoic acid methyl ester (9.6 g, 0.043 mol). 5M aqueous sodium hydroxide 
solution (44 ml. 0.21 7 mol). water (80 ml) and 1 ,4-dioxan (80 mi) was stirred at room temperature lor 1 S hours. 
The solvent was removed by evaporation under vacuum, the residue dissolved in water (100 ml) and the re- 
sulting solution acidified to pH 1 with concentrated hydrochloric acid. The aqueous mixture was extracted with 
ethyl acetate (4 x 100 ml) and the combined extracts dried (Na 2 S0 4 ) and evaporated under vacuum. The re- 

as suiting solid was crystallised from ethyl acetate to give the title compound as a colourless solid (5.4 g, 60%). 
m.p. 122-125°C. Found: C.63.20; H.5.81. C n H 12 0 4 requires C.63.45; H,5.61%. 

PREPARATION 14 

55 S-Acetyi-2-ethoxybenzoyl chloride 

Oxnlyt chloride (3.66 g. 0.029 mol) was added dropwise to a stired solution of 5-acetyl-2-ethoxybenzoic 
acid (3.0 g. 0.014 mol) in dichloromethane (15 ml) and dimethylformamide (0.1 ml). After 3 hours at room tem- 
perature, the solvent was removed by evaporation under vacuum and the residue azeotroped with nexane (3 
55 x 30 ml) to give the title compound.' which was used without further purification. 
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PREPARATION 15 

^-( 5-Acety!-2-ethoxybenzamido)-1-methyl-3-n-propylpyrazoie-5-carfaoxamide 

5 The title compound was prepared from 5-acetyl-2-ethoxybenzoyi chloride and 4-amino-1-methyl-3-n-p:o- 

pylpyrazole-5-carboxamide following the procedure of Preparation 6, and was obtained as a white solid (60%), 
m.p. 225-227*0. Found: C..1.35; H.6.25; N.15.07. C 19 H 24 N 4 0 4 requires C.61.28; H.6.50; N.15.04%. 

PREPARATION 16 

10 

5-(5-Ch1oromethyl-2-n-propoxyphenyl)-1-me^ 

1-Methy1-5-(2-n-propoxyphenyi)-3-n-propy1-1>dihydrp-7H-pyTa2o!c[4 t 3-d]pyrimidin-7-one (0.80 g, 
0.00246 mol) was added portionwise to stirred concentrated hydrochloric acid (10 ml) at room temperature. 

15 Paraformaldehyde (0.20 g, 0.0024S mol) was then added and the resulting solution stirred at 120 C C for 22 
hours. The reaction mixture was cooled and poured into ice and water (50 g), then the resulting mixture ex- 
tracted with ethyl acetate (3 x 30 ml). The organic extracts were combined, dried (Na 2 SOi) and evaporated 
under vacuum to give a white solid. Trituration with ether, followed by crystallisation from ethyl acetate-hexane, 
gave the title compound as colourless crystals (0.65 g, 70%), m.p. 102-104 C C. Found: C.60.91; H.6.14; 

20 .1,14.94. C 19 H23C1N*0 2 requires C,60.88; H.6.18; N,14.95%. 



PREPARATION 17 

5-(2-Ethoxy-5-niirophenyi)-1-methyl-3-n-pro 

25 

Concentrated nitric acid (0.5 ml) was added dropwise to a stirred solution of 5-(2-ethoxyphenyl)-1-methyt- 

3- r-propyl-1.6-dihydro-7H-pyra2olc[4>d]pyrimidin-7-one (2.0 g. 0.0064 mol) in concentrated sulphuric acid 
(10 ml) at 0°C. and the resulting orange solution was stirred at room temperature for 18 hours. The reaction 
solution was then added dropwise to stirred ice and water (200 g) and the solid precipitate collected by filtration. 

30 This solid was then dissolved in dichloromethane (50 ml) and the solution washed successively with brine (2 
x 30 m!) and water (30 mi), dried (Na 2 S0 4 ) and evaporated under vacuum to give a yellow solid. Crystallisation 
from acetonitrile gave the title compound as yellow needles (1.40 g, 61%), m.p. 214-216°C. Found: C.57.36; 
H.5.21; N.19.49. C U H 19 N 5 0 4 requires C.57.13; H.5.36; N.19.60%. 

35 PREPARATION 18 

5-(5-Amino-2-ethoxyphenyl)-1-methy1-3-n-propy1-1,6-dihydro-7H-pyrazolo[4,3- d]pyrimidin-7-one 

5-(2-Ethoxy-5-nitrophenyi)-1 -methyl-3-n-propyM .&-d!hydro-7H-pyrazoIo[4,3-d]pyrimidin-7-one (0.64 g, 
40 0.0018 mol) was dissolved in ethanol (50 ml) and the solution stirred with 5% palladium on charcoal catalyst 
(0.050 g) under hydrogen at room temperature and 50 p.s.i. pressure for 4 hours. The mixture was filtered to 
remove the catalyst, the filtrate evaporated under vacuum, and the residue triturated with ether to give the title 
compound as an off-white solid (0.56 g. 95%), m.p. 147-148°C. Found: C.62.63; H.6.60; N.21.57. C l7 H2iN 5 0 2 
requires C.62.36; H.6.47; N.21. 39%. 

45 

PREPARATION 19 

4- BenzyM-piperazinylsutphonyl chloride 

so A solution of 1-benry!piperazine (20.0 g, 0.114 mol) in acetronitrile (45 ml) was added to a solution of sul- 

phuryl chloride (28 ml, 0.346 mol) in acetonitrile (50 ml) and the mixture heated under reflux for 17 hours, then 
cooled. The solvent was removed by evaporation under vacuum, then the residue triturated with eiher (20 x 
50 ml) to yield the title compound (27.8 g, 89%), which was used without further purification. 

55 Biological activity 



The following Table illustrates the in vitro activities for a range of the compounds of the invention. 
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TABLE 

TN VITRO "FDE Pfl-ffBITORY DATA: 
^FT.FrnWTTV BETWEEN CKLCKXt f CM. IKXXjlJt J fCa/CAI-n- 
XM, IPFXDENT cGKP PDE AND cQtP-IKHIBITED cAMP_PDE 



TO 


EXAMFL2 




SELECTIVITY 
PATIO 


CG<EP 


CAMP 


75 


3 


2.2 


86,000 


39,090 




4 


1.3 


53,000 


35,000 




11 


4.9 


57,000 


11,632 




14 


1.0 


. 57,000 


57,000 




15 


3.4 


75,000 


' 22,053 




15 


3.7 


53,000 


14,324 




20 


. 3.7 


59,000 


15,945 * 


25 


25 


3.4 


84,000 


24,705 




29 


5.5 


84,000 


15,272 




30 


1.4 


53,000 


41,423 




31 


3.4 


55,000 


3.6,470 


30 


32 


1.4 


38,000 


27,142 




39 


5.3 


54,000 


10,188 



Safety profile 

Certain compounds of the invention have been tested at therapeutic doses of up to 1 rr.gfKg i.v. and up to 
AO 3 mg/Kg p.o. in rats with no signs of adverse acuta toxicity being obse.-ved. In mice, no deaths occurred after 
doses of up to 100 mg/Kg i.v. 



Claims 

1. A compound of formula: 




(0 
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20 



or a pharmaceutically acceptable salt thereof, 
wherein 

R 1 is H; C r C 3 alkyi optionally substituted with cne or more fiuoro substituents; or C 3 -C 5 cycloalkyl; 
R 2 is H, or C^Ca alkyi optionally substituted with one or more fiuoro substituents or with C 3 -C 6 cy- 
cloalkyl; 

R 3 is C^Ce alkyi optionally substituted with one or more fiuoro substituents or with C 3 -C 6 cycloalkyl; 
C r C 5 cycloalkyl; C3-C fl ;.kenyl; or C r C a alkynyi; 

R< is 0,-0, alkyi optionally substituted with OH, NR 5 R 6 , CN, CONR 5 R 6 or C0 2 R 7 ; Cj-C, alkenyl op- 
tionally substituted with CN, CONR s R 9 or C0 2 R 7 ; C 2 -C 4 alkanoyl optionally substituted with NR 5 R 8 ; hy- 
droxy C2-C4 alkyi optionally subtituted with NR 5 R 6 ; (C 2 -C 3 alkoxyJC,-^ alkyi optionally substituted with 
OH or NR5R«; CONRSR<>; C0 2 R 7 ; halo; NR 5 R S ; NHS0 2 NR5R«; NHS0 2 R 8 ; or phenyl or heterocyclyl either 
of which is optionally substituted with methyl; 

R5 and R 6 are each independently H cr C,-C* alkyi, or together with the nitrogen atom to which they 
are attached form a pyrrolidinyf. piperidino, morphoiino, 4-{NR 9 )-piperazinyi or imidazolyl group wherein 
said group is optionally substituted with methyl or hydroxy; 

R ; is H or C,-C, alkyi; 

R 8 is C r C 3 alkyi optionally substituted with NR 5 R 6 ; 

and 

R9 is H; C,-C 3 alkyi optionally substituted with phenyl; hydroxy C r C 3 alkyi; or C,-C 4 alkanoyl. 

Acompound as claimed in daim 1 wherein R* is H, methyl or ethyl; R* is C r C 3 alkyi; R 3 is C 2 -C 3 alkyi; R* 
is d-Ca alkyi option Jly substituted with OH. NR 5 R°. CONR5R 8 or C02 R7 ; acetyl optionally substituted with 
MR5R5; hydroxyethyl substituted with NR 5 R 6 ; ethoxymethyl optionally substituted with OH or NR S R 6 ; CH- 
=CHCN-; CH=CHCONR5R6; CH=CHC0 2 R 7 ; C0 2 H; CONRSRS; Br t NR-R 6 ; NHS0 2 NR*R*; NHS0 2 R*; or pyr- 
idyl or imidazolyl either of which is optionally subtituted with methyl; R 5 and R e are each independently H, 
methyl or ethyl ,'ur together with the nitrogen atom to which they are attached form a pipendino, morphoiino, 
4-(NR 3 )-1-piperaztnyI or imidazolyl group wherein said croup is optionally substituted with methyl or hy- 
droxy; R 7 is H or t-butyl; R<> is methyl or CH 2 CH a CH a NRW; and R 9 is H, methyl, benzyl. 2-hydroxyethyl 
or acetyl. 

A compound as claimed in claim 2 wherein R 1 is methyl; R 2 is n-propyl; R 3 is ethyl or n-propyl; R* is 
CH 2 NR5Rs. CH 2 OCH 2 CH 2 NRW, CH 2 OCH 2 CH 3l CH 2 OCH 2 CH 2 OH, COCH 2 NRSR 6 . CH(OH)CH 2 NRSR*. 
CH=CHCON(CH 3 ) 2 . CH=CHC0 2 R 7 , C0 2 H, CONRSR 6 . Br, NHS0 2 NR5R 6 . NHS0 2 CH 2 CH 2 CH 2 NR5R a . 2 - 
pyridyl. 1- imidazolyl or 1- methyl- 2-imidazolyl; R 5 and R 6 together with the nitrogen atom to which they are 
attached form a piperidino. 4-hydroxypiperidino, morphoiino, 4-(NR 9 )-1-piperazinyl or 2-methyi-1-imida- 
zolyi group; R 7 is H or t-butyl; and R 9 is H. methyl, benzyl, 2-hydroxyethyl or acetyl. 

A compound as claimed in claim 3 wherein the said compound is selected from: 

542-ethoxy-5-(1-methyl-2-imidazolyl}phenyl>1-methyl-3-n-propyl-1.6-dihydro-7H-pyrazofot4,3-d] 

pyrimidin-7-one; 

5-[2-etho*y*(4-metoyM-pipe^ 
!o[4, 3-d] pyrimidin-7-o ne; 

5-[5-(4-acatyM-piperazinyl)acetyl-2-ethoxyphe 
I4.3-d]pyrimidin-7-one; 

5^2-emoxy-5-rrK>rphoTinc>acetyiphen^ 
din-7-one; 

and 5-(£-morphor[noacety!-2-n-propoxyph 
din-7-one. 

and pharmaceutically acceptable salts thereof. 

A pharmaceutical composition comprising a compound of formula (I), or a pharmaceutically acceptable 
salt thereof, as claimed in any one of claims 1 to 4. together with a pharmaceutically acceptable diluent 
or carrier. 

Acompound of formula (l) T or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition 
containing either entity, as claimed in any one of claims 1 to 5, for use in medicine. 

The use of a compound of formula (I), or a pharmaceutically acceptable salt thereof, or a pharmaceutical 
composition containing either entity, as claimed in any one of claims 1 to 5. for the manufacture of a med- 
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• icament for the treatment of stable, unstable and variant (Prinzmetal) angina, hypertension, pulmonary 
hypertension, congestive heart failure, atherosclerosis, stroke, peripheral vascular disease, conditions of 
reduced blood vessel patency, chronic asthma, bronchitis, allergic asthma, a'lergic rhinitis, glaucoma or 
diseases characterised by disorders of gut motility. 

8. A method of treating or preventing stable, unstable and variant (Prinzmetal) angina, hypertension, pulmon- 
ary hypertension, .ongestive heart failure, atherosclerosis, stroke, peripheral vascular disease, condi- 
tions of reduced blood vessel patency, chronic asthma, bronchitis, allergic asthma, allergic rhinitis, glau- 
coma or diseases characterised by disorders of gut motility, in a mammal (including a human being), which 
comprises administering to said mammal an effective amount of a compound of formula (I), or a pharma- 
ceutically acceptable salt thereof, or a pharmaceutical composition containing either entity, as claimed in 
any one of claims 1 to 5. 

Claims for the following Contracting States : ES, GR 

1. A process for the preparation of a compound of formula: 



O R 1 




R 4 



or a pharmaceutical^ acceptable salt thereof, 
wherein 

R 1 is H; C r C 3 alkyl optionally substituted w^h one or more ftuoro substituents; or C r C 5 cycloaikyt; 
R2 is H, or C!-C 6 alkyl optionally substituted with one or more fluoro substituents or with C 3 -C fl cy- 
cloalkyl; 

R J is CrCe a Sky! optionally substituted with one or more fluoro subtituents or with C 3 -C 6 cycloaikyl; 
C r C 5 cycloalkyl; C 2 -C 6 alkenyl; or C 3 -C 6 alkynyl; 

R 4 is C r C< alkyl optionally substituted with OH. NR s R a , CN, CONR 5 R 6 or CQ 2 R 7 ; C 2 -C 4 alkenyl op- 
tionally substituted with CN, CONR 5 R fl or C0 2 R 7 ; C r C 4 aikanoyt optionally substituted v/ith NR 5 R 6 ; hy- 
droxy C 2 -C 4 alkyl optionally substituted with NR 5 R*; (C^-Cj slkcxyJd-C* alkyl cpticr.dly substituted v/ith 
OH or NR 5 R e ; CONR 5 R 6 ; CC 2 R 7 ; halo; NR 5 R 8 ; NHS0 2 NR s R fl ; NHS0 2 R 8 ; or phenyl or heterocyclyl either 
of which is optionally substituted with methyl; 

RSand R« arc each independently H or C r C 4 £!ky1, c; together with the niirc-cn stem which they 
are attached form a pyrrolidine piperidino, mcrpholino, 4-(NR 9 )piperazinyl or imidazolyl group wherein 
said group is optinaliy substituted with methyl or hydroxy; 

R 7 is H or Ct-C* alkyl; 

R 8 is C,-C 3 alkyl optionally substituted with IMR 5 R 6 ; 
and ■ " " . 

R 9 is H; C r C 3 alkyl optionally substituted with phenyl; hydroxy C2-C3 alkyl; or d-C 4 alkanoyi; 
which comprises reacting a compound of formula (II): 



O 
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wherein R\ R 2 and R 3 are as previously defined in this claim, for a compound of formula (I) when R 4 is 
(A) C2-C< alkanoyl or hydroxy C 2 -C 4 alkyl, 

with an acyl halide of formula (C,-C 3 alkyl)COY wherein Y is halo, in the presence of a Lewis 
acid, optionally followed by reduction of the resulting ketone to the corresponding alcohol; 
(8) C2-C4 alkanoyl or hydroxy C 2 -C* alkyl. each substituted with NR 3 R 5 wherein R 5 and R G are as pre- 
viously defined in this claim, 

with a'h£ jscyi halide of formula X(C,-C 3 alkytene)COY wherein X is halo and Y is as previously 
defined in this claim, in the presence of a Lewis acid, followed by reaction of the resulting haloketone 
either with an amine of formula R 5 R«NH, optionally followed by reduction of the resulting amincketcne, 
or with a protected amine of formula R 5 NHP, RrNHP or P' 2 NH wherein P and P' are suitable amine pro- 
tecting groups, optionally followed by reduction of the resulting aminoketone before or after removal of 
P or P'; 

(C) C-C4 alky! optionally substituted with OH.NR5RQ, CONRSR 6 . or C0 2 R 7 wherein Rs, R* and R 7 are 
as previously defined in this claim, or bromo, 

(i) under chloromethyiation conditions, followed by subjection of the resulting chloromethyl inter- 
mediate to. respectively, 

(a) reduction, or 

(b) reaction with an alkali metal hydroxide, or 

(pO reaction with an amine of formula R S R 6 NH, or 

(d) reaction with an alkali metal cyanide and opUonally converting the resulting nitrile to the cor- 
responding amide, acid or ester; or 

(ii) under aromatic bromination conditions, followed by subjection of the resulting bromo derivative 
to, respectively, 

(a) lithium-bromine exchange, followed by reaction of the aryilithium derivative with ethylene ox- 
ide to give the 2-hydroxyethyl derivative, or 

\b) reaction will allyl alcohol, followed by catalytic hydrogenation of the alkene to give the 3-hy- 
droxypropyf derivative, or 

(c) reaction with 3-buten-1-ol. followed by catalytic hydrogenation of the alkene to give the 4- 
hydroxybutyl derivative, and optional conversion of any of the foregoing alcohols to the corre- 
sponding alkane, amine or nitrite by activation of their respective hydroxy groups to give the chlor- 
ide or mesylate followed by reduction, or reaction with an amine of formula R S R 6 NH, or reaction 
with an alkali metal cyanide, respectively, and further optional conversion of the said nitrile to 
the corresponding amids or ester; 

(D) CrC* alkenyl 2-substituted with CN, CCNR5R 5 or C 0 2 R 7 , or C r C 4 alkyl 2-substituted with CN. 
CONR 5 R«, C0 2 R 7 or CH 2 NH 2 , wherein R 5 , R s and R 7 are ?s previously defined in this claim, 

via the bromo derivative of (C) (ii) above, with the appropriate a. p-unsaturated nitrile, amide or 
ester respectively, optionally followed by hydroiysis of any resulting ester, reduction of the resulting al- 
kenyl group and. in the case of the nitrile. further or concomitant reduction of the nitrile group to the 
corresponding primary amine; . 
(E^ Cz-C* alkenyl, or C 2 -C 4 alkyl, each optionally subsisted with CN. CONR5R* or C0 2 R 7 wherein R 5 . 
R 6 and R 7 are a? previously defined in this claim, 

via the bromo derivative of (C) (ii) above, with a lithium-bromine exchange reagent, followed by 
subjection of the aryilithium derivative to formyiation, and reaction of the resulting aldehyde with the 
appropriate optionally CN-, CONR 5 R*- or CQjR'-substiluled 0,-0. alkyl phosphonium salt or phos- 
phonate, optionally followed by hydrolysis of any resulting ester and reduction of the resulting alkenyl 



group; 

(R (C r C 3 a!koxy)C r C 2 alkyl optionally substituted with OH or NR 5 R* wherein R 5 and R 6 are as previ- 
ously defined in this claim, 

(£ via the chloromethyl derivative of (C) (i) above, with either 
(a a C 2 - or C 3 -a!kanol, or 

(b) a C 2 - or Q,-diol. optionally followed by activation of the hydroxy group lo give the mesy.a.c 
and reaction either with an amine of formula R 5 R e NH, or with a protected amine of formu.a 
R5NHP. R 6 NHP or P* 2 NH wherein P and P' are as previously defined in this claim; or 
(ti) via the brcmo derivative of (C) (ii) above, with a lithium-bromine exchange reagent, followed by 
reaction of the aryilithium derivative with ethylene oxide to give the 2-hydroxyethyl derivative, and 
activation of the hydroxy group and further reaction as in (i) (a) or (i) (b); 
(G) CONR 5 R* or co 2 R 7 wherein R s , R 6 and R 7 are as previously defined in this claim, 

via the bromo derivative of (C) (ii) above, with a lithium-bromine exchange reagent, followed by 



EP 0 526 004 A1 



reaction of the aryllithium derivative with carbon dioxiC?, and conversion of a suitably activated form 
of the resulting carboxyiic acid to an amide or ester derivative by reaction with an amine of formula 
R 5 R S NH or alcohol of formula R 7 OH respectively; 

(H) NH 2 , halo, NHSG 2 NR S R 6 or NHS0 2 R 5 wherein halo is fluoro, chloro, bromo or iodo, and R 5 , R a and 
R2*are as previously defined in this ciaim, 

under aromatic nitration conditions, followed by reduction of the resulting nitro compound to the 
corresponding primary c nine, and subjection of the said amine to, respectively, 

(a) a convent : onal diazotisation-halogenation reaction sequence, or 

(b) reaction with either a sulphamoyl halide of formula R 5 R 6 NS0 2 ha!o or a sulphonyl halide of for- 
mula R 5 S0 2 halo, wherein halo is preferably chloro, or reaction with sutphamide when both R s and 
R« are H; 

(I) phenyl or heterocyclyl. either of which is optionally substituted with methyl, 

via the bromo derivative of (C) (ii) above, with either 

(i) when R 4 is optionally substituted phenyl or C-linked heterocyctyl, the appropriate optionally sub- 
stituted phenyl or heterocyclyl zincate derivative in the presence of a palladium catalyst, or 

(ii) when R* Is N-linked heterocycie, the appropriate heterocycle in the presence of copper-bronze, 
iodine and a base; 

followed in each case, by optional isolation as, or formation of, a pharmaceutical^ acceptable salt of the 
producL 

A process for the preparation of a compound of formula (I), or a pharmaceutical^ acceptable salt thereof, 
wherein R 1 , R 2 . R 3 and R* are as previously defined in riaim 1, which comprises reacting a compound of 
formula (II), wherein R 3 is H and R 1 and R*are as previously defined in claim 1, according to any process 
defined in claim 1 followed by O-alkylation of the phenolic group to introduce R 3 and optional isolation as, 
or formation of, a pharmaceutical^ acceptable salt of the product 

A process for the preparation of a compound of formula (I), or a pharmaceutical acceptable salt thereof, 
v.'herein R\ R 2 . R 3 and R 4 are as previously defined in ciaim 1, which comprises reacting a compound of 
formula (X): 



R 3 0 




R 4 

wherein Y is chloro or bromo, and R 3 and R* are as previously defined in claim 1, with an aminopyrazole 
of either formula (VII) or formula (VIII): 



R* R 1 




(VN) { vi(I) 

wherein R 1 and R 2 are as previously defined in claim 1, followed by cyclisaiicn of the respective resulting 
amides by treatment with a base, optionally in the presence of hydrogen peroxide, and optional isolation 
as. or formation of, a pharmaceutical^ acceptable salt 



A process as claimed in claim 1 wherein 

in (A£, Y is chloro or bromo. the Lewis acid is aluminium chloride or aluminium bromide, and the reducing 
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agent is sodium borohydride; 

in (B). X and Y are chloro or bromo, P is benzyl and is removed by catalytic hydrogenation, and P' is 

t-butoxycarbonyl and is removed using hydrogen chloride; 

in(C). 

(i) thechtoromethyiationis carried out using paraformaldehyde and concentrated hydrochloric acid, 
and 

(ajthc -eduction is effected by palladium-catalysed hydrogenation, 
(b) the alkali metal hydroxide is sodium hydroxide or potassium hydroxide, 
(cTthe reaction with R 5 R 6 NH is carried out using an excess of said amine, 
(d) the alkali metal cyanide is sodium cyanide or potassium cyanide; 
(ii^the aromatic bromination is carried out using N-bromosuccinimide, and 

(a) the lithium- bromine exchange is effected using n-butyllithium. 

(b) the reaction with ally! alcohol is effected under Heck reaction conditions, 
(cT the reaction with 3-buten-1-ol is effected under Heck reaction conditions; 

in {D), the reaction with the appropriate a.P-unsaturated nitrile, amide or ester respectively, is effected 
under Heck reaction conditions using tri-o-tolylphosphine, paiiadium(ll) acetate and triethytamine, the 
optional hydrolysis of the ester is achieved using aqueous sodium hydroxide solution in methanol, the 
optional reduction of the aikenyi group is effected by palladium-catalysed hydrogenation, md the op- 
tional further or concomitant reduction of the nitrile group is carried out using Raney nickel in glacial 
acetic acid; 

in (E), the lithium-bromine exchange is effected using n-butyllithium, the formyiation reagent is dime- 
thylfbrmamide, and the alkene reduction is achieved by catalytic hydrogenation; 
in (F), the reaction with 

(a) a C 2 - or C r alkanol, is carried out in the presence of one equivalent of sodium matal. or 

(b) a C 2 - or C 3 -diol, is carried out in the presence of one equivalent of sodium metal, the hydroxy 
group is converted to its mesylate using mesyl chloride in pyridine as solvent, and the reaction with 
R 5 R e NH is carried out using an excess of said amine; and 

(ii) the lithium-bromine exchange is etfected using n-butyllithium; 
in (G). the lithium-bromine exchange is effected using n-butyllithium, and the carboxylic acid is activated 
using a carbodiimida in combination with 1-hydroxybenzotriazo!e; 

in (H), the nitration is achieved using concentrated nitric acid in combination with concentrated sulphuric 
acid, the nitro compound is reduced by catalytic hydrogenation. the reaction wim a suiphamoy! chlonde 
or with a sulphonyl chloride is carried out in the presence of excess pyridine or triethylamine optionally 
in the presence of 4-dimeiiiylaminopyridine, and the reaction with sutphamide is effected at about 
1CC C C; 

TO the palladium catalyst is tetrakis(triphenylphosphine)palladium(0), and the optionally substituted 
'phenyl or heterocydyi zincate derivative is obtained from the corresponding optionally subtituted 
phenyl or heterocyclyllithium derivative and anhydrous zinc chloride; and 
(it) the heterocyclic is present in excess, and the base is anhydrous potassium carbonate. 

A process as claimed in claim 2 wherein the O-aHtyfcSen is effected using th* ^wprUt* alkyi chloride, 
bromide or sulphonate, in the presence of potassium carbonate. 

A process as claimed in any one of claims 1 to 5 wherein R 1 is H. methyl or ethyl; R 2 is C-C3 alkyi; R* is 
C2-C 3 alkyi; R* is C,-^ alkyi optionally substituted with OH, NR 5 R 6 , CONRW or C0 2 R'; acetyl optionally 
substituted with NR S R 8 ; hydroxyethyJ substituted with NR 5 R 8 ; ethoxymethyl optionally substtuted with OH 
or NR5R8; CH=CHCN; CH=CHCONR5R6; C H=CHC0 2 R?; C0 2 H; CONR*R 6 ; Br. NR 5 R 6 ; NHS0 2 NRW; 
NHS0 2 R«; or pyridyl or imidazolyi either of which is optionally substituted with methyl; R 5 and R 6 are each 
independently H. methyi or ethyl, or together with the nitrogen atom to which they are attached form a 
piperidino, morpholino. 4-(NR 5 H-PiP^ in Y l or imidazolyl group wherein said group is optionally substi- 
tuted with methyl or hydroxy; R 7 is H or t-butyl; RMsmethyl or CH 2 CH 2 CH 2 NR S R 6 ; and R 9 <s H. n*-*.. 
benzyl, 2-hydroxyethyi or acetyL 

Aprooess as claimed in claim 6 wherein R 1 is methyl; R*is n-propyl;R 3 is ethyl or n-propyl: R' to CH,N R W. 
OfcOCH^NRW. CrfeOCH^H,. CH^CH^OH. COCH 2 NRW. CH(OH)CH NR 5 R.. CH- 
-CHCONfCHJ, CH=CHC0 2 R'. C0 2 H. CONR*R«, Br, NHS0 2 NRW, NHS0 2 CH 2 CH 2 CH 2 NR5R«. 2-pyn- 
<jyt. 1-imidazoiyl or l-meShyt-2-imidazolyl: R« and R« together with the nitrogen atom to wh.ch they are at- 
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tached form a piperidino, 4-hydroxypiperidino, morpholino. 4-(NR 9 )-1-piperazinyl cr2-methyl-1-imidazolyl 
group; R 7 is H or t-butyl; and R 3 is H. methyl, benzyl, 2-hydroxyethyl or acetyl. 

A process as claimed in claim 7 wherein said compound of formula (i) produced is selected from: 

5-[2-ethoxy-5-(1-methyl-2-imida 
pyrirrtidin-7-one; 

5-[2-ethoxy-5-(4-n%-thyl-1-piperazin^ 
lo[4,3-d]pyrimidin-7-one; 

5-[5-(4-acetyl-1-piperaziny!)acetyI-2-ethoxyp 

[4,3-d]pyrimidin-7-one; 

5-(2-ethoxy-5-rrorphoIinoacetyipher.yl)-Vmelhyl-3-n-propyl-1.6-dihydro^ 

din-7-one; 

and 5-(5-mcrpholinoacetyl-2-n-propoxypheny!)-1-methyl-3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3- d]pyr- 
imidin-7-one; and pharmaceutically acceptable salts thereof. 
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